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HI old-time sawmill was a simple mechanical 

contrivance designed to cut logs into boards by 

the process of placing the log upon a movable 
carriage and shoving it past a rotating circular saw. 
Logs were large and cheap, so slabs were taken off with- 
out much regard to the quantity of good wood that came 
away with them, and saws were thick, resulting in great 
production of sawdust along with the boards. And be- 
cause he wasted so much wood in slabs and dust, the 
old-time operator was possessed of unlimited fuel for 
his boilers. His greatest problem when installing his 
mill was to anticipate his power need by buying boilers 
and engines of sufficient capacity. Steam was the uni- 
versal power, supplanting water almost altogether be- 
cause the demands were very heavy and the load was 
extremely irregular. The old-time sawmill man claimed 
that the most important single item in his equipment 
was a quick-acting governor on his steam engine. In 
fact, when our troops were cutting lumber in France 
we found that the mill with a powerful engine whose 
governor was designed by American builders could and 
did produce lumber much faster than those plants that 
we were compelled to equip with less flexible European 
engines. 

Today, however, the lumber industry has developed 
in so many different directions that the needs of a sin- 
gle plant may call for the transmission of energy over 
an area of many acres, while several miles away, in the 
woods, there may be half a dozen active power plants 
working on railroad and skidding ground. I have in 
mind a modern sawmill, built five years ago, and capa- 
ble of producing five carloads of lumber each working 
day. 

There is a central boiler house, containing eight 
boilers with a combined capacity of 1600 hp. There 
are four principal demands upon this installation: A 
300-hp. twin cylinder engine, which runs the log mill; 
a ten-chamber, steam drying kiln for curing the total 
product; a smaller steam engine of 100 hp., which turns 
the half-dozen planing machines in the finishing mill, 
and a 500-kw. horizontal turbo-generator. The finish- 
ing-mill engine is fed by a steam line two hundred feet 
long, so the steam demand is greater than the engine’s 
capacity because of the condensation and loss. At an- 
other point within the boundaries of this manufacturing 
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group there is a stave mill, where oak billets are fasli- 
ioned into barrel staves. Here is another boiler and 
engine, fed with offal from the oak billets. 

Scattered about the various sheds and tramways are 
conveyors, lifting devices, small saws and planers 
for reclaiming defective boards, a machine shop for 
general mechanical repairs, a car shop for railroad 
rolling stock, and sundry pumps, not to mention the 
hundreds of lamps required for night work and 
the winter afternoons. To visit each of the afore- 
mentioned machines a man would walk not less than a 
mile, and yet the motive power must be furnished from 
some central source, else the cost would be prohibitive. 
These are all supplied from the turbo-generator. And 
not only does this electric plant supply the sawmill and 
its dependent mill town with current for small machines, 
lights and the household conveniences of an enlightened 
community, but also it serves a thriving small city a 
mile away. 

Of course there are plants, even in this modern time, 
where electricity is used only for lighting, and small 
mills where it is used not at all. On the other hand, 
the most modern mills are tending more and more to- 
ward all-electric machinery, with a generating plant, 
steam fed from waste that comes from the saws. The 
main reasons why current is supplanting the steam en- 
gine are three: Flexibility and ease of transmission, 
effictency of operation, and economy of power. Ti a 
special need arises, it is but a short task to string a feed 
line, install a motor and deliver the power to a pump 
or small engine, and it does not matter much whether 
the distance is ten feet or a thousand feet from the 
power house. When a machine is needed, the operator 
has but to throw a-switch and he can perform his work; 
the power is neither too small nor too great if machine 
and motor have been installed by a man who understood 
what was required. And it is available as long as 
needed. Where individual machines are turned by: sep- 
arate motors, there is no waste of power resulting from 
idling pulleys and transmission shafts. One of the effi- 


ciency side issues of this type of power is the fact that 
when each machine has its motor the operator can keep 
individual performance records of his machines and 
thereby get a much more valuable insight into his costs. 
There are other considerations, important to the mill 
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man. Fire is a great hazard, especially when two or 
three wood-burning boilers are scattered about midst 
shavings and sawdust. Cleanliness is related to the fire 
question and has numerous good points of its own, such 
as raised morale and pride among the workmen. 

The field for electrical energy is wonderfully broa:, 
aud at the present time it consists of two general divi- 
sions. First there is the field of the giant mill, with 
its acres of buildings, its communities, and its far-flung 
woods department where men work to get the logs into 
ihe mill to be manufactured. Even in this last-men- 
tioned work there is a place for electricity, as has been 
proved by the powerful skidding motors of the Western 
coast country. The general characteristics of this big 
mill field are such that the greatest opportunities for the 
designer of lumber-manufacturing power plants appeaz 

be here. 

On the western coast, where the timber is gigan- 

and the machinery in proportion, electric power 
has made its greatest strides. In the states of the South- 
ern producing area electricity plays its part in nearly 
every mill for isolated machines and lighting, and in the 
case of two or three new operations is employed as the 
sole power. With the advent of wide-awake salesmen in 
this latter region interest has been awakened. The 
iumberman is not afraid to spend money for something 
new, if he can see a chance to profit thereby. His plant 
is expensive, anyway, and he is after the best equipment 
he can get. 

However, if one looks ahead twenty years or more, he 
will be likely to wonder what is to become of these great 
plants now operating. When they exhaust their pres- 
ent supplies of standing timber, how will the lumber 
industry be conducted? And the obvious answer is that 
in the far future it is quite possible that the big mill 
will be replaced by small plants, just as is the case in 
Europe today. Of course, twenty years is not a long 
enough period to bring about the change entirely, for 
there still will be many big mills running then. But two 
decades will show the trend, as many mills now running 
will have produced their last carloads of lumber. Such 
big plants as are producing twenty vears from this date 
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undoubtedly will be equipped with the most economical 
machinery obtainable, for their raw material will cost 
more than it does now and will be subjected to a more 
thorough utilization. 

In the second general division are the small mills, and 
they will offer the electrical engineer opportunity to 
work along various lines. The city plant taking power 
from an outside generating station has its own problems 
of economical production, but they are not power-plant 
problems. The portable mills, moved about from small 
timber tract to small timber tract, have their own power 
plants. In the past they have depended upon steam en- 
gines, with occasional attempts to install electric gener- 
ating plants. In general these efforts have met with 
only partial success, chiefly because the mill man has not 
-een sufficiently educated in the application of electricity 
to know what he needed, and as a result he has spent 
more money for his power plant than his business war- 
ranted. By attempting to keep down the initial cost, 
he has bought generators and motors too small for his 
needs and later added to his troubles and expense by 
going to the other extreme. 

There are regions in this country where steam power 
is more expensive than kerosene, notably in the Fast, 
where population is great enough to create a demand for 
mill refuse, so there the portable mill man sells his 
slabs and sawdust at a good price and buys oil delivered 
in barrels at the nearest crossroads. In the hills of 
western Massachusetts farmers drive several miles into 
the back valley where the small mills whine, to get the 
refuse, and the oil truck brings liquid fuel from the 
nearest distributing station. The fuel cost is practically 
the same to the mill operator, but by using a gas or oil 
engine he removes the necessity of hiring a licensed 
steam engineer and thereby cuts his labor cost at least 
20 per cent. Probably the owner is sawyer, so if there 
is engine trouble he attends to its personally, and he 
could do the same if he employed an electric generating 
plant turned by an oil engine. Portable-mill operators 
are waiting for the engineer who can design a portable 
power plant suitable for their needs, and there are 
enough of them, working under different fuel conditions 
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so that both steam and oil outfits will be welcomed. 
As the writer has stated earlier, the makers of electric 
equipment have invaded the lumber field and have sold 
numerous sets of great power and value. The thing 
they have not done to a broad enough extent is to em- 
ploy engineers who are really acquainted with the man- 
ufacture of lumber. And because of this condition of 
affairs certain lumbermen who have bought such equip- 
ment have failed to realize the full value from their in- 
vestments. In illustration of this a specific case miglit 
be cited. A Southern mill began operations with steara 
drive for the mill proper, but with a generator of con- 
siderable power to furnish current for numerous small 
machines and for lights. Along came an electrical engi- 
neer and convinced the lumberman that he could get 
better results from an all-electrical power plant, which 
was fair enough and which would have worked out hap- 
pily but for one thing. The engineer told the mill man 
that he only need buy another generator about twice as 
large as the first one and hook it up alongside the first 
one, driving it from the main sawmill engine. The prop- 
csition appeared reasonable enough to the buyer, so they 
went ahead. Finally, however, it became evident that 
the combination would not work, notwithstanding the 
engineer’s assurances. So they were obliged to run 
two separate circuits, with the resulting multiplicity of 
wiring and switchboard equipment. 

In another instance a salesman designed a power 
plant for lumber operations, and because he did not 
know the manufacturing process well enough, he failed 
to provide enough power for the main saws and lumber- 
handling machinery to take care of the enormous over- 
load. Consequently, when the big saw hit a particularly 
knotty log at the same moment that a few teeth lost 











their cutting points, there was a ruined fuse, and a few 


lost minutes resulted. The same thing occurred when 
heavy loads were thrown upon several conveyors driven 
from the same motor. 

Then there is the question of operating electrical 
equipment after it has been installed and tested and the 
engineer has gone on about his other affairs. While a 
great many young men are skilled in electrical work of 
routine nature, they are not always capable of keeping 
up a big plant. And most of the old-time steam engi- 
neers are men of a single faith; namely, steam. One of 
the most successful sawmill experts was called to a 
Southern plant to help locate the trouble with their 
power. He found a splendidly designed and installed 
set of equipment. There had been twice as much power 
available as was needed at first. Two generators of 
equal size had been installed so that the mill would not 
lack power in case of shutting one down. The elec- 
trician in charge stated that for several months the gen- 
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erator drove the entire sawmill plant. Then he went 
over to the other one and used it alone while working 
upon the first. Finally, he was obliged to run both to- 
gether, and even then there was a lack of power. The 
expert overhauled both generators and then remained 
at the plant long enough to give the electrician a prac- 
tical course of instruction in the handling of that par 
ticular type of equipment. This indicates that often it 
would be well for the builders to sell education along 
with their machinery. 

Certainly, with the field so large and promising there 
is work for engineers who will study the manufactur: 
of lumber and byproducts. The man with the type of 














mind for success in electrical engineering can learn the 
best methods of making lumber in a year, and in fact 
can get the fundamentals in sixty days, and he can earn 
good wages while he acquires this knowledge. Practi- 
cally every big plant carries an electrician on the pay- 
roll, and many of them carry two or more. And the 
knowledge thus gained would be of value to a man 
whether he became a salesman, a designer or an in- 
ventor. 


Riveting Patches on Cylindrical 
Pressure Shells 


By R. L. Hemincway* anp F. A. PAGE 


From time to time, in the different technical maga- 
zines, articles have appeared, with illustrations and 
tables, describing the method of patching cylindrical 
shells without decreasing their strength, by means of 
diagonal seams. The accompanying diagram, together 
with its explanation, appears to offer a more practical 
description of this method of patching than has hitherto 
teen employed. Any practical boilermaker, with the 
aid of this diagram, should be able to patch almost any 
boiler and maintain the strength of the original con- 
struction, as a full description is included and the 
method of its application. 


To DETERMINE RouNDABOUT LENGTH oF PATCH 


To find how far the patch must extend up the side 
of the boiler: First, determine length A. Then, mul- 
tiply A by the constant in Table 3 corresponding to the 
angle obtained from Table 2. This gives the vertical 
height of the patch, as shown at Il’, ,, V,, ete. Mark 
this vertical on the boiler shell. It must be noted that 
this height is measured from a point level with the 
center line of the highest rivet in the short roundabout 
seam. 

Example: Patch of the first seam on 54-in, boiler. 
A = 24 in.; shell, 33; in.; patch, 35; in., 55,000 Ib. tensile 
strength. Longitudinal seam in boiler, double-riveted lap, 
34-in. rivet hole, 27%-in. pitch, 73.9 per cent. efficiency 





*Chief Boiler Inspector, Industrial Accident Commission of California 
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S Select pitch of rivets to be used in patch from Table 1. Divide the efficiency of the longitudinal seam found 
, Say y 17831 in. and 1}4-in. hole = 56 per cent. Then 73.9 + on the certificate of inspection by the efficiency of the 
C 56 = 1.32 nearly. The next higher factor in Table 2 patch seam selected from Table 1. This gives the mini- 








30% Ax 1.732 
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Pi 1 | When the Countersinking 
i / 1 of Rivet Holes 1s desirable 
/ 142 or necessary, proper 
| Allowance must be | 
/ | rnade tor the Metal \\ \\~ 
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£ 134 | Pitch as Pith as hots ri SS 
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2 0 126 | 3 Addo Pitch 4) 
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o¢ = = | 
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/, a a . a § LW | Countersink rrust not || } \\ 
he S47, A SF TC be deeper than 4 | \\ 
se /, ti LM 107 | Thickness of Plate || \ 
Act Lf, < a J) Note: The Welding of Patches: 7 \\ 
Irn yj LAL. a on Shells or Drurns of b \\ 
Vi pEvzum Boilers is strictly prohibited ' \\ 
t1- yy ize a Additional Copies will be furnished \\ 
Ly GF LJ on Request 
he = . 
= Table 2 lan Views of Patches before Rolling to the Shell Curvature 
in- . . ‘ , a = 
is 1.34, which corresponds to 40 deg. From Table 3 | mum factor required to maintain the original strength 
an angle of 40 deg. gives a constant, 1.192. of the shell. Take from Table 2 the angle correspond- 
AX 1.192 = 24 & 1.192 = 285% in. ing to this factor or next higher factor, which gives the 
Therefore 2854 in.—=height V and the per cent. of — ya: edger —— TS b dj 
patch seam is 56 X 1.34 = 75.24, which is stronger than Se See ee : ay CS NS SS 
repairing all Cal. Std. Boilers. Firebox or flange steel, 
TABLE I. EFFICIENCIES OF SINGLE LAP JOINTS 55,000 T. S. may be used in repairing noncode boilers. 
12-In. PITCH The use of tank steel in repairing boilers is strictly pro- 
i - y 
Net ahi 
ga- Thickness of Plate, Inch. 34 ve 3 ts i Silien hibited. : , 
and ic ion Efficiency Rivet holes for patching shall be drilled full size from 
wie Dia.,In. Dia., In. solid with patch in position, or they may be punched not 
of 3 i S to exceed % less than full size for plates over ;', in. 
eer ; i 45 54 60 thick and % less than full-size for plates 3% or less in 
nal li acaciel ; 1}{-In. PITCH thickness and then drilled or reamed to full size with 
a Thickness of Plate,Inch. } x 3 5 ‘ - 
rto i sad is 48 patch in place. 
the ; 4 43 é2 
any = 1y-In, PITCH Properties and Products of the 
‘Oon- hickness of Inch. } ie 3 rs } ; 
1 50 . 
the i ak 50 Combustion of Gasoline 
i i 42 50 63 
iil atte 2-In. PITCH Gasoline is a mixture of light hydrocarbons of the 
cK 5 1 . . . . . ° 
fT rickness of Plate, Inch. 4 ve i Ys : ~ paraffin series. For it to ignite and explode in an engine 
side : if “ 47 . e ™ ” cylinder, it must first be vaporized and mixed with a 
5 1) . . . 
nul- ; — certain volume of air. At ordinary temperatures the 
the Piette teh. 4 a ITCH s 1 mixture must contain not less than 1.5 per cent nor more 
ical : if S ‘“ a s than 5.2 per cent by volume of gasoline vapor in order 
‘ i ' ~d : 
fark ; 4 37 44 55 67 to be explosive. 
tha 21-In. PITCH When the initial temperature is increased, the low 
the i eeniiet eae rs ; vs : “ limit is lowered somewhat until at 400 deg. C. it is 1.1 
1 ‘Be e . . . 
out t 42 49 59 m 63 per cent. Hence a mixture containing less than 1.5 per 
. ' - cent is explosive in a gas-engine cylinder because of the 
iler. Tensile strength, 55,000 Ib. high temperature therein caused by the initial compres- 
asile Shearing strength, 44,000 Ib sion and the incomplete cooling. 
lap, the original longitudinal seam. Now draw the diagonal = 
ney. i which gives the center line of rivets in the patch. More than 174,000,000 tons of coal are available in 
mr’ Lay out all laps at 114 times the diameter of the rivet 


the proved coal areas of Ireland, according to consular 
reports. Most of this coal is anthracite. 


hole used. 
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The characteristics of the synchronous motor 
are compared with those of the induction mo- 
tor. Applications for which the synchronous 
motor may be used are given and then the 
methods of starting are discussed. 





OR various classes of service the synchronous 

motor has several advantages over the induc- 

tion motor, the recognition of which has re- 
sulted in an ever-increasing demand for its application. 
These advantages include better efficiency and power 
factor and, particularly for slow-speed machines, less 
cost. 

The efficiency of the synchronous motor is generally 
higher than that of the induction motor even when 
operating at leading power factors as low as 0.8. This 
is especially true of the more modern synchronous mo- 
tors designed for unity power-factor operation, whose 
efficiency is practically the same from full load to half 
load, and is only slightly lower even at one-quarter load. 

The, synchronous motor can be designed to operare 
at either unity or any 
leading power factor, 
thus improving the pow- 
er factor of the system. 
With normal field ex- 
citation, these machines 
will continue to improve 
the power factor when 
underloaded. In this re- 
spect the induction 
motor is always at a dis- 
advantage; its power 
factor is always lagging, 
and although this power 
factor may be high at 
full load, it becomes rap- 
idly lower at partial 
loads, consequently an 
underloaded — induction 
motor further impairs 
the power factor of a 
system. 

From the standpoint 
of dependability of oper- 
ation the synchronous 
motor has a mechanical 
advantage over the in- 
duction motor by reason 
of the larger air gap of 








_ *Alternating-current Engineer- 
ing Department, General Elec- 
tric Co. 
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the former, which varies from five to eight time: 
the length of the latter. The operating characteristics 
of an induction motor may be seriously impaired by a 
slight change in air gap due to a little wear in the bear- 
ings. Owing to the larger air gap of the synchronous 
motor the same change, on account of bearing wear, 
does not materially affect its operating characteristic: 
In making a comparison of the relative starting ability 
of normally designed squirrel-cage synchronous and in- 
duction motors, the following points must be under- 
stood: 

First: If a motor has a high initial starting torque, 
it must also have a low pull-in torque, and vice versa 
This is true because the high-resistance squirrel-cage 
winding which is required for high initial starting 
torque, produces low pull-in torque; whereas, the low- 
resistance squirrel-cage winding which is required for 
high pull-in torque, produces low initial starting torque. 

Second: The induction motor cannot efficiently 
operate with a high;resistance squirrel-cage winding on 
account of high rotor losses under normal operation. 

Third: The synchronous motor can use a high-re- 
sistance squirrel-cage winding because, when operating 
in synchronism, there is 
practically no loss in this 
winding. Therefore in 
cases where high initial 
starting with reasonabl\ 
low pull-in torque is re 
quired, the synchronous 
motor has the distinc! 
advantage that the high- 
resistance squirrel-cag: 
winding, with its accom 
panying high - starting 
torque and low kilovolt 
ampere input, can 3e 
utilized 

Tn cases where the re- 
quired starting and pull- 
in torques are about 
equal, but of a compara- 
tively low value, the syn- 
chronous motor still has 


the advantage. If, how- 
ever, a high  pull-in 
torque, with a corre- 


spondingly low starting 
torque, is required, then 
the induction motor has 
a slight advantage. 
There are a few cases 
of service requiring both 
high initial starting and 
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high pull-in torque. In such cases double-squirrel-cage 
windings or other means are used in synchronous motors 
to obtain the required torque. Double squirrel-cage 
windings are also used on some of the larger induction 
motors. The starting of such loads by the synchronous 
motor, however, is usually attended by high current 
being drawn from the line. This is often objectionable 
both from the standpoint of the power company and that 
of the power consumer. This starting current can be 
more readily controlled by the use of the slip-ring induc- 
tion motor, consequently this type is recommended for 
driving loads requiring both high starting and high pull- 
in torque. 

Owing to certain starting-torque or speed require- 
ments, there are four classes of service for which the 
normally designed 
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On account of the large current which would be 
drawn from the line at the moment of starting if full- 
line voltage were applied directly on the motor, a lower 
voltage is first applied and then after the motor has 
reached full speed, full-line potential is applied. This 
is accomplished by the use of a compensator, which is 
essentially an auto-transformer. The best method of 
starting synchronous motors is explained in the follow- 
ing paragraphs: 

(a) Open the field switch completely if the excita- 
tion voltage is 125 volts. If the excitation voltage of the 
motor is higher than 125 volts, the field switch should 
not be opened completely, but left in the clips connected 
to the discharge resistance. This prevents any high in- 
duced voltage across the collector rings. However, if 
the motor is part of 





synchronous motor 
is not recommended 
for direct drive. 
These are: Loads 
requiring the motor 
to start under full 
load, loads requiring 
variable speeds and 
loads requiring fre- 
quent reversal of the 
direction of rotation 
or requiring fre- 
quent starting and 
stopping. 

This first class in- 
cludes flour mills, 
grain elevators or 
heavy line shafting 








a  motor-generator 
set, other than a fre- 
quency converter 
set, the field switch 
should be left in the 
clips connected to 
the discharge resist- 
ance irrespective of 
what the field ex- 
citation is. 

(b) Throw the 
compensator lever to 
“start” position. If 
oil switches are used, 
close the switch 
marked “start.” 

(c) After the 
motor has reached 


‘ 
P| 








where the torque re- 


quired to overcome FIG. 2. 750-KV.-A. SYNCHRONOUS MOTOR DRIVING RUBBER 


the static friction 
equals and often ex- 
ceeds the full-load torque. In such cases the synchron- 
ous motor should be connected to the shaft through a 
clutch, thus permitting the starting and synchronizing 
ef the motor before the load is applied. Where the 
service requires a variable speed, some mechanical means 
must be provided to obtain such speed variation. 

Synchronous motors have been successfully applied 
for driving motor-generator sets, frequency converters. 
blowers, fans, air compressors, ammonia compressors, 
conveyors, tube mills, flour mills, pulp grinders, Jordans, 
iubber mills, stone crushers, cement mills, centrifugal 
pumps, plunger pumps, screw pumps, line shafting, steel 
and copper rolls and as synchronous condensers. 








constant speed, close 
the field switch, the 


MILL THROUGH ROPE DRIVE field rheostat hav- 


ing been previously 
adjusted to give a field current corresponding approx- 
imately to no load, normal voltage, with the machine 
running as a generator. 

(d) Throw compensator lever quickly to the “run” 
position. If oil switches are used, open the switca 
marked “start,” and after this, as quickly as possible, 
close the switch marked “run.” 

The attendant should be careful not to touch the col- 
lector rings or brushes when the motor is being started. 
An induced potential of about 2000 volts exists across 
the rings at the moment of starting. This voltage de- 
creases as the motor speeds up, reaching zero at fulli 
speed. The motor should be started on the lowest tap 




















riG. 3. SYNCHRONOUS MOTOR, 350-HP., DIRECT-CONNECTED FIG. 4. A 1200-HP. SYNCHRONOUS MOTOR DRIVING 


TO TWO-STAGE AIR COMPRESSOR 





TWO FOUR-POCKET GRINDERS 
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of the compensator that will start it promptly and bring 
it to full speed in about one minute. If two or three 
minutes are required in coming to full speed, there is 
danger of burning the squirrel-cage winding. 

It has been pointed out that the field switch should be 
left completely opened at starting, as this insures the 
maximum initial starting torque with the minimum kilo- 
volt-ampere input. There 
are, however, two occasions 
for closing the field circuit 
through a resistance as part 
of the starting procedure. 
In one case the object is to 
increase the torque near 
full speed; in the other, to 
prevent high induced po- 
tential across the collector 
rings at starting. With the 
proper value of resistance 
across collector rings, the 
torque near full speed is 
increased. A change from 
this resistance in either di- 
rection will decrease the 
torque. At starting, how- 
ever, any value of resist- 
ance will decrease the 
torque which the motor 
would develop with col- 
lector rings open. Hence, when a motor at the time it 
is purchased is required to pull into synchronism a large 
percentage of normal load, or when conditions arise in 
service where the “pull-in” torque requirements prove 
to be greater than were anticipated, the foregoing scheme 
is sometimes resorted to. 

An accurate and convenient way of determining the 
proper resistance is to bring the motor to constant speed 
at full-line voltage with the load it has to pull into 
synchronism; then by means of a water-box connected 
across the collector rings, determine the resistance that 
will increase the speed to the highest value. This will 
be the proper resistance. 

The field-discharge resistance in such case is increased 
to the proper value and capacity for this added service. 
Here, the switching procedure 1s only slightly modified. 
When the motor is running on the last compensator tap, 
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or on the line, as the case may be, the next operation 
would be to close the field switch on the first point, 
thereby throwing the resistance across the field. A 
moment later, say 5 or 10 sec., close the field switch 
entirely. 

On a given machine the higher the excitation voltage 
for which the field winding is designed the higher the 
induced voltage across the collector rings at starting, 
Motors that are designed for normal excitation voltages 
higher than 125 volts, or those which form part of 
motor-generator sets other than frequency converter 
sets should have the field winding short-circuited 
through the discharge resistance at starting. This will 
prevent the high induced voltage across the collector 
rings. It is standard practice to make all discharge 1 
sistances for synchronous motors of ample capeciy 
for this service. 

For a given im- 
pressed voltage the 
torque of the syn- 
chronous motor has 
a definite value at 
the moment of 
starting, increases 
slightly as the 
speed increases, up 
to a certain point, 
and then decreases 
as synchronous 
speed is ap- 
proached, reaching 
an extremely low 
value at synchron- 
ism. A higher im- 
pressed voltage 
would give a high- 
er torque at all 
speeds, the torque 
increasing approx- 
imately as the 
square of the volt- 
age. But since the 
kilovolts - amperes 
taken by the motor 
at starting also in- 
crease as the 
square of the im- 
pressed voltage, 
practical limits of 
kilovolts - amperes 
and therefore of 
torque, are soon 
reached. 

Different kinds of service present different speed- 
torque requirements. Those requirements that conform 
approximately to the speed-torque characteristic of a 
synchronous motor, as outlined in the foregoing, can 
be met satisfactorily with standard compensators and 
standard starting operations. Motors of motor-gen- 
erator sets may be mentioned as representative of this 
class. However, when the speed-torque requirements 
are different from what it is natural for the motor tc 
develop—when, for instance, the torque required at the 
moment of starting is comparatively low, but high near 
synchronous speed (which is the requirement of 
centrifugal pump) the condition is a much more dif- 
ficult one. And it is made still more difficult by the 
additional requirement in some cases that the current 
drawn from the line during the starting operations be 
kept within low limits. These are therefore often 
treated as special cases. 

Hence, there have been developed different methods 
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for starting motors that drive these two classes of ap- 
paratus. In the simple cases, such as motors of motor- 
generator sets or in those cases of motors driving air 
compressors or centrifugal pumps, where a low limit of 
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line current at starting is not imposed, the starting oper- 
ations described in the foregoing have become stand- 
ard. For the difficult cases special methods have been 
developed, each applying to a particular duty. 


Cleaning the Double-Pipe Ammonia Condenser 
By A. G. SOLOMON 





The author tells of the methods he uses to 
clean the coils of double-pipe ammonia con- 
densers most quickly, conveniently and thor- 
oughly. 





it is clean. It is easy to see and remove the 

dirt that collects on the pipes of an atmospheric 
condenser, so condensers of that type are, as a rule, 
clean and the water readily takes up the heat from 
the ammonia. Keeping a double-pipe ammonia con- 
denser clean is not so easy, and for just that one reason 
the capacity of the whole refrigerating plant is often 
reduced. 

As the circulating water passes through the inner 
pipes or tubes, the amount of dirt that collects cannot 
be seen. This being the case, the engineer must have 
some other means than sight to know the condition of 
the inner surface of the inner tubes of the double-pipe 
condenser. 

To wait for increased condenser pressure to indicate 
the accumulation of dirt or the formation of scale is a 
mistake often made. When the water outlet of each 
separate stand is open for temperature taking, the de- 
creasing difference between the temperature of the inlet 
and that of the outlet water will warn of the presence 
of dirt. 

A thermometer in the liquid line is a good indicator 
to reveal the presence of dirt in the condenser tubes. 
When the condenser surfaces are clean, the exchange 
of heat from the ammonia to the circulating water is 
so complete that the liquid ammonia leaving the coils 
will usually have a temperature not over two degrees 
higher than that of the incoming water. This low tem- 
perature will not be attained if the charge of ammonia 
is insufficient to permit of slow travel. 

Often, when the double-pipe condenser becomes dirty 
and the head pressure increases, a greater amount of 
water is circulated. This is an expensive way of op- 
erating, as the water and the additional pumping are 
costly, and it is only a temporary remedy at best. 

The dirt must be removed; therefore regular cleaning 
must be resorted to. The frequency and method of 
cleaning the inner tubes will depend on the amount of 
sediment contained in the circulating water. There are 
few condensers that are not provided with a way for 
flushing out the inner tubes. : 

Fig. 1 shows the usual construction. By changing 
the position of the three-way cocks, the flow of water 
is reversed and the sediment washed out through the 
side opening of the bottom cock. 

In some plants this manner of washing out is all 
that is required during the whole season. When the 
water outlets of all the coils are connected into one 
header and the header extends upward some distance, 
the pressure available for back-washing is sufficient to 
loosen and remove sediment that has not baked hard 
on the pipe surface. This back-washing should be 
done at least once a week even if the water shows only 


; N AMMONIA condenser is not efficient unless 





slight traces of sediment. The object is to remove all 
ihis sediment before hard scale is formed. 

Where the circulating water contains a large amount 
vf dirt, or in cases where the pressure is not great 
enough to give a good cleaning, a pump must be con- 
nected so as to give a sufficient force to the water to 
wash the tubes clean. Fig. 2 shows the connections. 
The water to the suction of this washout pump is taken 
from the outlet of the coils. The dirty water is allowed 
to pass to the sewer. A pressure of about 80 to 100 lb. 
is carried on the pump discharge and a reliable relief 
valve installed so that no damage is done when chang- 
ing the water from one coil to another. There are many 
plants where this kind of tube washing is done daily. 

Next to the back-washing and pressure washing of 
the inner tubes comes the brush or scraper cleaning. 
Some of the sediment contained in the water will stick 
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FLUSHING CONNECTIONS TO AMMONIA CONDENSER 


to the inner tube and cannot be removed by washing. 
If allowed to collect, a hard scale will form. This will 
be found mostly in the hot upper pipes where the dis- 
charge gas first enters the condenser. 

A stiff wire brush fastened to a length of 4-in. pipe 
makes a good tube cleaner. The brush should be so 
light a fit in the tube that one man can push it through. 
There are several tube scrapers on the market that do 
this cleaning thoroughly. Always, after brushing or 
scraping, wash the coils out with water at high pres- 
sure. 

When removing the return bends from the ends of 
the inner tubes, the bends should be marked in some 
way so that the same bend will fit back in the place 
from which it was removed. This precaution will pre- 
vent trouble. Use graphite and oil on all unions and 
bolts, so the bends can be easily removed the next time. 
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When replacing the return bends it is well to see that 
they are clear and not partly choked. If there is no 
strainer in the water line between the circulating pump 
and the condenser, there it always the liability of a 
broken pump valve, stud, a spring, or a piece of plunger 
packing becoming lodged in a tube or a return bend. 
Such obstructions must also be looked for in the 
valves and cocks. 

IXvery winter the tubes of a double-pipe ammonia 
condenser should receive a real thorough cleaning. The 
winter’s cleaning will be done with a twist drill welded 
on a short iron rod with threads provided so that a 
length of 14- or 34-in. pipe can be used. The drill must 
be of the proper size so that it will fit snugly in the 
inner tube. This close-fitting drill will remove all scale 
that is in the tubes. The drill can be driven with an 
air or electric motor or can be turned by means of a 
pipe wrench, 

The bottom tubes will be easy to clean, but those at 
the top of the coil will be harder. This is caused by 
the greater heat there baking the sediment to a hard 
scale. 

There are many plants in which it does not pay to 
attempt to clean the top three or four inner tubes. The 
cost of removing hard, thick scale will be more than the 
cost of installing new tubes. In cases of this kind the 
inner tubes removed can be used for water lines or other 
pipework, as the pipe is as good as new except for the 
scale. 

In putting in new tubes, care must be taken that 
defective pipes are not used. Test every new tube with 
100 lb. air pressure while submerged under about six 
inches of water. 
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Forseille Liquid Level Gage 


The following briefly describes a newly designed 
liquid level gage that has recently been perfected by 
L. F. Forseille, of the Union Gas and Electric Co., 
Cincinnati, Ohio, to accurately indicate the true level! 
of water, oil or other liquids. 

It is especially adaptable to power stations and hydro- 
electric plants situated along streams that are subject 
to variable stages or tidal changes. By inserting the 
operating float in a spiral pipe or other suitable tube, 
the gage can be used in the swiftest water with excel- 
lent results. It can be mounted directly over, or with- 
in any reasonable distance from the water, and by op- 
erating as a direct measuring device (that is, with -no 
reducing mechanism) it is extremely simple and ac- 
curate. 

By referring to the illustration, the dial is shown 
graduated in feet and tenths, and the range is from 
0 to 72 in. The wheel is exactly 12 ft. in circumfer- 
ence to the center of the operating cable, which is at- 
tached to a weighted float on the right-hand side; a 
counterweight is suspended on the left-hand cable. 

It is obvious that any rise in the liquid will cause the 
wheel to revolve to the left, or counterclockwise, and 
that a drop in the level will have the opposite effect. 

The spiral lines on the front of the dial have the 
same pitch as the spiral on the back. A small roller 
supporting the radial moving indicator engages the 
latter spiral, keeping the point of the indicator directly 
over the proper figures, at all points within its range. 

This device is being manufactured. The wheel, in- 
cluding lines, figures and spiral, is of aluminum. 
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It was discovered that many steel-mill boiler 
plants are up to date in design, using coal with 
blast-furnace gas as fuel, and in some instances 
the furnaces are arranged to burn either coal 
or gas. Waste-heat boilers are also used with 
the openhearth furnace. 





naces, I returned to the hotel, and getting the 

best of a good meal, started out to look the town 
over, with the hope that I might rub up against some- 
one who could give me a few pointers regarding the 
local mills, and perhaps prepare me for what I hoped to 
see during the next few days. 

It was a pleasant evening, and I decided to take a 
street-car ride in the direction of Lowellville. I occu- 
pied a seat with another man in the smoking compart- 
ment of the car, and as he had the appearance of being 


. FTER putting in my first day at the blast fur- 
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a steel-mill man, I started a conversation with him; 
naturally, it drifted to the subject of rolling mills. He 
proved to be a man who had been connected with the 
steel industry for years, and evidently knew a good 
deal about local work and rolling-mill machinery in 
general. When he found out that I was interested in 
the subject, he said: 

“You will find about everything in this town that 
you will find anywhere. Some of the power units are 
old, and others are new and up-to-date. Some of the 
boiler plants are of the long ago, and others are of the 
latest design. When you go through some of the steel 


mills you will see that great strides have been made, 
especially in the electrical operation of the machinery. 
As a matter of fact there are mills operated entirely by 
electricity.” 

“Which are the most economical to operate, steam- 


driven or electrically driven mills?” I asked. 
“As on every other question, opinions differ. There 
are some who favor one, and some who are for the 











FIG. 1. BATTERY OF WASTE-HEAT VERTICAL BOILERS 











FIG. 2. BATTERY OF WASTE-HEAT WATER-TUBE BOILERS 
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other. Until recently there has been 
a considerable difference of opinion, 
especially regarding a steam and elec- 
trical drive for large reversing mills. 
This was because some held that 
electric drive was not a commercial 
proposition except when conditions 
were favorable, which would be gov- 
erned by the cost of making electric- 
ity, using internal-combustion en- 
gines operating on blast-furnace gas. 
As a matter of fact, but few of the 
plants in this country use gas en- 
gines, the largest being the United 
States Steel Corporation at Gary, 
Ind.; the Lackawanna plant at Buf- 
falo, N. Y., and the Bethlehem Steel 
plant at Sparrows Point, Md. I be- 
lieve the Bethlehem company is par- 
ticularly partial to gas-engine opera- 
tion. There is this to consider, how- 
ever : there is about twice the amount 
of energy recovered from the blast- 
furnace gas in using it in a gas en- 
gine as when burning it under a 
steam boiler. 

“Some of the mills have regular 
central generating plants consisting 
of steam turbines or reciprocating 


engines, blowing engines and compressors. 
as I have said, operate with gas engines. 
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FIG. 4. 





Other mills, 


To my mind 


these various units all have a field of usefulness. 

“There are at present some 600 motor-driven mills 
having a maximum of about 900,000 hp., and these are 
used with practically all types and sizes of steel mills; 
but at that, something like 75 per cent. of the total num- 
ber of mills are not motor-operated. Some of the large 
plants are practically motor-driven from one end to 
the other. I think I am safe in saying that most of the 
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FOUR WATER-TUBE BOILERS USING 











TYPICAL BLAST-FURNACE AND BOILER-PLANT INSTALLATION 


mills built during the last few years are motor-driven. 
When you go through some of these mills you will 
readily see the difference between the steam and the 
electrically driven unit. The steam engine was the 
pioneer of rolling-mill drive. Many of them are still 
in use, and new engines are going in, but the electric 
drive has entered the field and is here to stay. The 
claim for the motor is economy and flexibility. Accom- 
panying its use are cleanliness, absence of noise, reliabil- 
ity, and limited attention required. The main point, 
however, is lower cost and increased 
production.” 

“With a plant motorized, it would 
be necessary to have a regular cen- 
tral station to generate the energy,” 
I remarked. “That would require 
the use of boilers, and I should think 
that better economy would be secured 
with modern installations than I un- 
derstand they have as a rule.” 

“Now you are talking,” replied 
my acquaintance. “Some of the 
boiler plants are frights, some are 
fairly good, and some are right up- 
to-date. You see, in the past but 
little attention has been given to the 
improvement of power plants, main- 
ly, I suppose, on account of the cost, 
as improvements would mean a con- 
siderable change in the power plant. 
Recently, however, there seems to be 
a tendency to put aside the item of 
expense and go in for improvements. 
You can easily see that the mill ca- 
pacity is limited by the main drive. 
I can show you many engines that 
have outlived their economical use- 
fulness, because they are badly worn 
or not suitable for the demands now 
made upon them. With valves and 
piston leaking, an engine can easily 








BLAST-FURNACE GAS 


consume 50 per cent. more steam to 
operate the mill than would be re- 
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quired to generate electrical energy and drive the mill 
by motors. 

“You have read it, and have heard it stated, that the 
economy of the power plant must in the future come 
from the boiler room. Some of the boiler installations 
found in many steel mills are a crime against economy. 
Jf there were more gas from the blast furnaces than 
could be used, it would be different, but as there is not 
enough gas, coal is used in large quantities. 

“The efficiency of a steam-electric plant ranges from 
& to around 16 per cent. of the heat value of the coal. 
The plant that is getting 16 per cent. is up in high C for 
economy, and such a figure can be obtained only when 
the plant is of the best design and scientifically oper- 
ated. The average modern plant operates with an effi- 
ciency of around 10 to 12 per cent.” 

“How are these losses distributed?’ was my next 
question. 

“Well, we can say that the approximate loss in an up- 
to-date power plant, per pound of coal, is about 14 per 





FIG. 5. BOILER FURNACES EQUIPPED FOR BURNING 


EITHER GAS OR COAL 


cent. in the gas to the chimney and that, outside of that 
rejected to the condenser, which is around 61 per cent., 
is the highest of the remaining losses, which are about 
as follows: Requirement for all auxiliaries, 6.5 per 
cent.; radiation and leakage of boiler, 4 per cent.; ash, 
1.5 per cent.; blowoff and leakage, 1.5 per cent.; radia- 
tion and leakage of piping, 1.5 per cent. This is with 
coal having an assumed heating value of 14,000 B.t.u. 
Taking a plant that has an efficiency of, say, 13 per 
cent., you can see that every increase in the percentage 
of economy, although it may seem very small, will 
improve the general results materially. 

“Many of these losses can be easily reduced in the 
average plant by proper care and operation. The first 
item of importance is to have proper boilers properly 
set. That is something you will not find in some of 
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the boiler plants around steel mills, any more than you 
will find it in other types of plants. 

“Tt used to be, and is now for that matter, common 
practice to install boilers in the open. With their set- 
ting exposed to the elements, often with poorly insulated 
steam pipes, you cannot expect a brick setting to hang 
tightly together with a furnace temperature of around 
2500 deg. and an outside atmospheric temperature be- 
lew zero. The tendency nowadays is to put in better 
boiler plants and modern generating stations, as you will 
observe during your visit. Well, here’s where I get off, 
so good night and good luck.” So saying he left me, 
and at the next stop I got off the car and returned to 
the hotel. 

The next morning I went to the mills again with the 
idea of going over the various boiler plants. The first 
thing of interest that I saw was a small battery of ver- 
tical boilers, Fig. 1, and close by were some water-tube 
boilers, Fig. 2. Both batteries were gas-fired, using 
gas from the blast furnace when in operation. These 











FIG. 6. SHOWING BOILERS EQUIPPED WITH FRONT-FEED 


STOKERS 


boilers were set in the open, with no protection from 
the weather, although there was a sort of leanto over 
the front, which protected the firemen from the rain 
or snow when it came straight down. This method 
of boiler installation would seem strange to most engi- 
neers who are used to a warm, dry boiler room. These 
boilers were dead and were evidently not used much ex- 
cept in emergency cases. 

Going on a little farther, I came to a more modern 
boiler plant. Here were four 1265-hp. water-tube boil- 
ers, Fig. 3, fitted with gas burners. The gas came from 
blast furnaces and was unwashed, having a pressure of 
from 2 to 3 in. of water. It contained a heat value of 
about 95 B.t.u. per cu.ft. The boilers carried a pressure 
of 150 Ib., and the steam was superheated from 50 to 
100 deg. F. These boilers were used with what is known 
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as No. 5 blast furnace of the Youngstown company’s 
plant. Fig. 4 shows a typical blast-furnace and boiler- 
plant installation of the more modern practice. 

It is frequently the case that a battery of boilers are 
arranged for burning either gas or coal. This was so at 
one of the large boiler plants of both the Republic and 
the Youngstown companies. At the latter plant there are 
24 water-tube boilers, each of 464 hp. rating. They are 
equipped for burning either coal or gas. 

When a blast furnace is down or when it is being 
emptied, there is not enough gas to supply steam for 
the steam-driven units, and when this occurs coal can 
be used to supplant the gas. A view of such a boiler 
plant at the Struthers mill is shown in Fig. 5. 

It was found that practically four systems of boiler- 
firing were used—gas, gas and coal, coal alone hand- 
fired and coal stoker-fired. The boiler rooms of the 
stoker-fired and some of the hand-fired plants compare 
favorably with those found installed in large electric 
stations. In fact, many of them supply steam for large 
isolated generating plants. This is shown by Figs. 5 
and 6. In one boiler house there are thirty-four 502-hp. 
boilers fired with blast-furnace gas. The gas is delivered 
from the blast furnace to gas-cleaning apparatus and 
is led into the boiler room through the main 72-in. de- 
livery pipe, to the gas header, Fig. 5, from which it is 
fed to the boilers through the gas burners shown at- 
tached to the boiler front above the regular firing doors. 

In the second boiler plant, Fig. 6, there are eight 763- 
hp. water-tube boilers, the furnaces of which are 
equipped with front-feed underfeed stokers and driven 
by either two of three stoker engines. These furnaces 
cperate with forced draft supplied by four turbine- 
driven fans. Between the turbine and the fans a reduc- 
tion gear is used. These fans supply the necessary air 
through a single air duct connected below the stokers 

















FIG. 7. BOTLER ROOM AT MAIN STRUTHERS PLANT 


of each boiler. The feed-water heater is a 10,000-hp. 
unit and is equipped with a V-notch meter. The plant 
is also equipped with steam-flow meters. 

Fig. 7 shows five of eight 254-hp. water-tube boilers 
equipped with stokers and turbine-driven forced-draft 
fans. These boilers are at the main plant of the Youngs- 
town company. The type of stoker engine used is shown 
at the fan, one engine running four stokers. 

Later on I found another type of installation known 
as a waste-heat boiler, shown in Fig. 8. It was one of 
seven in service at the openhearth plant of the Trum- 
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bull Steel Co.’s works at Warren, Ohio, and was used 
in connection with the openhearth furnaces. It carried 
150 Ib. pressure. The steam was used by gas producers, 
openhearth pits, etc. Naturally, the power that can be 
obtained from waste gas depends on the temperature 
and weight. The gases from an openhearth furnace 
have a temperature of about 1000 and 1500 deg. F., 
which is available for steam generation. Of course 
these temperatures will vary at times. 

The efficiency of a waste-heat boiler is governed 
largely by its design and setting. With high-tempera- 

















FIG. 8. WASTE-HEAT BOILER AT THE TRUMBULL CO.’S 
OPENHEARTH FURNACES ~— 


ture gas it is only necessary to have the amount of 
heating surface proportioned to the volume of gas to be 
burned, and in such cases a standard design of boiler 
is used with satisfactory results. 

With low-temperature gases, however, a standard 
boiler will not serve so well, and in order to obtain a 
heat transfer that will approach ordinary boiler prac- 
tice, it is found to be necessary to increase the velocity 
of the gases as they pass over the boiler-heating sur- 
faces, which can be done by the use of mechanical draft 
sufficient to overcome the resistance of the gases due to 
friction in passing over the heating surface, in addition 
to that required to supply the draft necessary to the 
cpenhearth furnace. With a high temperature a chim- 
ney may be used having a height sufficient to produce the 
necessary draft, but with low-temperature gas a fan 
blower will be necessary. 

It has been found that each waste-heat installation 
must be considered by itself, because there are so many 
tactors that enter into the operation; that is, the char- 
acter of the gases will vary in temperature and volume, 
and then there will be dust and a tar-like substance, all 
of which has a bearing on the figuring of the heating 
surface and of the gas passages. 

Owing to the fact that openhearth gas is usually very 
dirty, the boilers using it must be provided with numer- 
ous cleaning-out doors, so that the heating surface can 
be thoroughly cleaned. There must also be a bypass 
for the gases, so that the boiler can be cut out of serv- 
ice for cleaning and repairs without interfering with the 
operation of the openhearth furnace. 

It was brought home that steel mills occupy a large 
ground area, and that one could not be covered in a 
day if anything more than a casual glance was to be 
had. My day’s experience was satisfactory, and there 
was no wakefulness that night on account of insomnia. 
The next day I found a new boiler plant that was mod- 
ern in every respect, which will be described in the next 
article. 
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Frozen Safety Valve Causes Boiler Explosion 


ORE information is now available on the boiler 
M explosion at the East Chicago works of the 

Interstate Iron and Steel Co., reported briefly 
in last week’s issue. Three men were killed by the acci- 
dent, twelve were injured and the property damage was 
estimated at $10,000. As will be remembered from the 
previous notice, the boiler was in a battery of three 
used to supplement the supply of steam from the waste- 
heat boilers in the plant. It was of the Bass vertical 
water-tube type, rated at 250 hp. The boiler was 
equipped with 102 tubes 4 in. in diameter and 18 ft. 
long, with drums top and bottom 72 in. in diameter. 
Coal was the fuel used, and it was hand-fired into the 
usual dutch-oven furnace. The boilers were housed in 
a sheet-steel building just large enough for the battery. 
It kept out the weather, but the temperature approxi- 
mated that outdoors. Two safety valves protected the 
boiler. They were set to blow at 110-lb. gage, although 
the boiler that exploded had been allowed a working 
»ressure of 125 pounds. 

From another plant the boiler had been moved to its 
present location in 1907. According to estimate it had 
seen eighteen years of service, but was reported to be 
in excellent condition. Just six weeks previous all the 
iubes had been renewed. The regular inspections by 
insurance-company inspectors and those of the steel- 
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company inspector, which were made every two weeks 
just after the boiler was washed, showed the braces to 
be sound and taut and no evidence of cracks in the 
lower tube sheet or head. In fact, the boiler had been 
inspected on the day previous to the accident and no 
defect of any kind had been detected. 

Reviewing the circumstances, on Sunday, Jan. 18, the 
boiler had been emptied, washed out and filled with cold 
water. At 9 p.m. a fire was started on the grates pre- 
paratory for the morning shift, which started at 6 a.m. 
At the usual intervals the boiler was fired, and at 4:30 
a.m. it exploded. The bottom tube sheet fractured all 
the way around at the knuckle of the flange, so that the 
tubes, with the upper drum, shot up into the air several 
hundred feet and returned to earth, drum end down, 
about 700 ft. distant from the original location. The 
impact was so great that the upper tube sheet, with 
the weight of the tubes behind it, buckled the shell plate 
into the drum. The lower drum, minus its tube sheet, 
remained on the foundation. Naturally, the settings 
of the other two boilers and the building were demol- 
ished. The men working in the boiler room were killed, 
so that no information was available as to the action of 
the boiler previous to the accident, except that the 
watchman on his hourly trips through the plant had 
noticed that the steam gage remained at 40-Ib. pressure. 


} 
; 





FIG. 1. DEVASTATION CAUSED BY EXPLOSION OF 250-HP. VERTICAL WATER-TUBE BOILER AT EAST CHICAGO 
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As the temperature was below zero outside and nearly 
the same inside, it is quite likely that the 34-in. pipe 
connecting the pressure gage at the top of the furnace 
with the upper steam drum, had frozen up, so that the 
reading on the gage probably gave no proper indication 
ef conditions existing within the boiler. It is certain 
that the boiler had not been cut in on the line, as the 
valve was found closed after the accident. 

In the line drawing is shown the construction of the 
lower drum, the character of the bracing and the loca- 
tion of the fracture. The lower tube sheet was of 5g-in. 
metal and the shell plate %4-in. metal. The longitudinal 
seam was quadruple-riveted and the circular seams had 
single rows of rivets. In either case the joint held, the 
fracture being in the metal at the turn of the flange, 
zs indicated. Twelve stays held the lower tube sheet 
to the drum. Four of them were diagonal crowfoot 
shell braces, and the other eight were cluster sling stays 























FIG. 2. 


TYPE OF BOILER THAT EXPLODED 


attached to the bumped head. Each cluster consisted 
of two straps looped around the pin at each end, by 
which they were secured to double crowfoot supports. 
Consequently, the composite stay was made up of four 
elements 1 in. square. Four of these were spaced evenly 
on an outer circumference and four on a smaller con- 
centric circle. Thus the lower tube sheet was stayed 
by 32 sq.in. of metal in the vertical stays and 6 sq.in. in 
the four diagonal braces. 

A careful inspection of the boiler after the accident 
showed no defect that might have caused the initial 
rupture. The break all the way around was bright and 
clean, and before letting go the flange pulled up straight. 
The edge had feathered off, and the metal at the break 
had drawn out so that the reduction in area was ap- 
proximately 30 per cent, indicating excellent material. 
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Every rivet in the longitudinal and circular seams was 
intact, the joints showing no evidence of distress. The 
braces broke at various places; some at the knuckle of 
the crowfoot ; others pulled the rivets securing the crow- 
toot to the bottom head, and in some cases the stays 
themselves pulled in two. Most of the diagonal braces 
broke at the first rivet in the shell. Reports of the 
various inspections gave no intimation of weakened 
stays. Apparently, the condition of the boiler was thor 
oughly good, and to complicate the diagnosis of the 
cause of the accident, the two safety valves had been 
blowing regularly in recent operation, so that there was 
every reason to expect them to function. What then 
caused the explosion ? 

It has been suggested that the safety valve froze up; 
that is, that ice accumulated above the disk in the bedy 
cf the valve and in the vent pipe, which, with an elbow 
and a nipple turning upward, led out of the boiler house 
to discharge the steam outside. Owing to the frequent 
biowing off of safety valves on boilers of this type, the 
seats are generally wiredrawn and leaky, so that a small 
amount of steam is constantly escaping. When the 
boiler was being shut down, the cold weather existing 
at the time might have condensed this vapor and frozen 
the water, filling up the small drain at the elbow of the 
vent pipe. The day was stormy and additional water 
might have been collected from the sleet and snow that 
were falling. Apparently, this collection of ice blocked 
the discharge of the safety valve for the 7% hours that 
fire was on the boiler and allowed the pressure to build 
up to such an extent that the boiler ruptured under the 
strain. The good condition of the boiler and the zero 
temperature existing lends credence to this suggestion, 
especially as the vent pipes of safety valves on other 
boilers that had been shut down for washing and in- 
spection were found frozen solid. How this ice could 
remain in the presence of steam under high pressure 
for so long a time is a feature requiring careful analysis. 

When the boiler was filled with cold water on Sun- 
day, the cold air in the boiler would be pushed ahead 
of the water and compressed in the upper part of the 
top drum to perhaps the pressure of 40 Ib. shown by 
the gage and retained after the pipe connecting it to the 
steam space had been frozen. As the pressure in- 
creased in the boiler, the air would become relatively 
lighter than the steam and stay in the top part of the 
drum, insulating the hot steam from the bumped head 
and keeping it away from the safety valve, air being a 
very poor conductor of heat. Would it do this or would 
the steam after it had risen above the 40 lb. pressure 
on the air, intermingle with the latter and come in con- 
tact with the top of the drum? By condensing here it 
would give up its latent heat and soon bring the metal 
to a high temperature, or by leaking through the 
valve, would eventually melt the ice in the valve body 
and the vent pipe. It will be remembered that the 
boiler had not been cut onto the line so that the steam 
space was dead ended. There was no air relief valve 
on the top drum or any other means for the air to 
escape. Conduction of heat along the metal of the 
drum would be very slow, as the space between the 
setting and the side of the drum forms a pocket in 
which the gases would be at a relatively low tempera- 
ture, and the radiation from a bumped head exposed 
to zero weather would be excessive. The safety valves 
were connected to the top of the drum as indicated in 
the picture of the wreck, although the drum shown here 
belonged to one of the other boilers. 

Another explanation of the accident, conforming 
more nearly to experience of the past, might be ad- 
vanced. The breathing action commonly attributed to 
these boilers would naturally weaken the metal at the 
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knuckle or turn of the flange. This would be the place 
subjected to the greatest strain. Continued working 
back and forth of the lower tube sheet would gradually 
weaken the metal at the turn so that it would eventually 
fail. The appearance of small cracks that would grad- 
ually develop is generally a forerunner of such a fail- 
ure, but nothing of this character had been detected. 
On the other hand, the poor circulation in an airbound 
boiler and the cold weather would, no doubt, aggravate 
such a condition if it existed, and perhaps set up suffi- 
cient additional stress to cause the initial rupture in a 
boiler that had been subject to this action for years, 
particularly as the boiler had been used intermittently 
to fill in the peaks above the capacity of the waste- 
heat boilers. After the initial rupture the release of 
the potential energy in the 27,000 Ib. of water con- 
tained in the boiler would readily inflict the damage pic- 
tured and blow the 18,000 Ib. of boiler separated from 
the lower drum to a considerable distance. 

In boilers of this character the tubes nearest the fire 
are hottest and those on the opposite side of the baffle 
comparatively cool. Consequently, the front tubes tend 
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FIG. 3. SPACING OF BRACES AND LOCATION 


FRACTURE IN LOWER DRUM 


OF 


to bow or buckle and pull up the tube sheet. There 
would also be the tendency to tilt the top drum in a 
direction opposite from the furnace and push down the 
lower tube sheet on that side. In other words, there 
would be a severe twisting movement with considerable 
leverage on the lower tube sheet, straining the metal 
particularly at the knuckle of the flange. Poor circu- 
lation would aggravate and prolong this action. 

With stays of the character described, it is difficult to 
obtain uniform tension. One may be more taut than 
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the others, and in assuming the greater part of the 
load the metal in the straps or under the pin in the 
crowfeet may stretch and weaken or the metal may fail 
in the crowfeet at the knuckle, which is commonly the 
weakest part of the type of stay used. The load would 
then pass to another stay and so on until all had been 





FIG. 4. TOP DRUM AND TUBES 700 FEET DISTANT 


weakened, allowing more or less play for the so-called 
breathing action of the tube sheet. 

Owing to the fact that in the various inspections no 
defect had been noticed in these stays and no cracks 
had appeared at the turn of the tube sheet, the frozen 
vent pipe and valve was probably the direct cause of 
the accident, although the metal at the turn of the 
flange may have been weakened to some extent by the 
breathing action previously mentioned. 


Possibilities of Aleohol As Fuel* 


The fermentation industry, notably the branch hav- 
ing to do with the manufacture of industrial alcohol, has 
been strongly stimulated by war demands, and indus- 
trial machinery is now available for the production of 
considerable alcohol for fuel purposes. 

Alcohol alone can be used to advantage only in en- 
gines especially adapted to this fuel, but various mix- 
tures of alcohol, benzol, gasoline or other petroleum 
distillates and other materials have given promising 
results. It is of great significance from an economic 
standpoint that alcohol, benzol and the lighter petro- 
leum distillates such as gasoline and kerosene, can read- 
ily be rendered miscible. It is probable that alcohol, 
like benzol, will not come into widespread use as a 
single fuel, but has a broad significance, for the pres- 
ent at least, only as a blending agent in connection with 
liquid fuels obtainable in larger quantities. 

The quantity of alcohol that will be produced in this 
country in the immediate future is much more difficult 
to forecast than in the case of benzol. The United 
States in 1916, 1917 and 1918, turned out about 50,- 
000,000 gal. of denatured alcohol each year, having 
jumped from an output of 14,000,000 gal. in 1915 under 
the stimulus of a demand born of munitions require- 
ments. Much of the industrial alcohol under manu- 
facture today is made from sugar molasses and waste 
sulphite liquor; while garbage, fruit wastes and ethy- 
lene from coal-distillation plants have been suggested 
as supplementary resources. It is safe to estimate that 
for some time to come the available supply of alcohol 
will bear a close quantitative analogy to benzol, the two 
combined bulking small when compared with engine- 
fuel requirements which will approach 5,000,000,000 
gal. in 1920. 


*From a paper by J. E. Pogue before the Society of Automotive 
Engineers. 
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Novel Coal Handling at the McKeesport Tin 
Plate Company’s Plant 





HI McKeesport 
‘ Tin Plate Co.’s 
plant, the largest 


single tin-plate plant in | ff 4 
the United States, is lo- 
cated on the Youghio- 
gheny River about 1% 
miles above its junction 
with the Monongahela and 
opposite the City of Mc- 
Keesport, Penn. This 
plant has always received 
its coal by river craft. 
The space available for 
the boiler house, Fig. 1, 
was limited and room had 
to be provided for the 
storage of coal on account 
of the transportation by 
water being interrupted 
during part of the winter 
months. Therefore, the 
undertaking involved not 
only the construction of 
the boiler house with its 
equipment, but also a coal- 
storage basin and wharf- 
age. 

The _ provisions for 
wharfage consisted of a 











as it is lifted from the 
barges by the locomotive 
crane can always be in the 
right position to receive 
the coal without requiring 
the locomotive crane to 
make any extra move- 
ments to reach its point 
of discharge and also to 
avoid the loss of time and 
annoyance in the shifting 
of the coal barges. Prior 
to the coal strike the Mc- 
Keesport Tin Plate Co. 
had between 50,000 and 
60,000 tons of coal stored 
in this coal pocket and on 
the wharf. Under ordi- 
nary conditions, however, 
it it not expected to store 
over 15,000 tons in the 
coal pocket, wharfage 
space and overhead bunk- 
er combined. 

The motor-driven coal 
handling machinery and 
arrangement consist of a 
conveyor in the tunnel, a 
bucket elevator, a station- 
ary belt conveyor running 








concrete wall built on the 
harbor line. This wall is 
about 34 ft. high, 19 in. 
wide at the base, and rests 
on wooden piles. Along the top of the wall, over that 
portion where coal is unloaded, a railroad track is pro- 
vided for a locomotive crane. The coal is lifted from 
the barges with a clamshell bucket by the locomotive 
crane and deposited in a basin lying between the dock 
wall and another wall built parallel to it, about 85 ft. 
inshore. The space between these two walls is open, 
the bottom consisting of a concrete mat placed below 
normal river level. 

A track supported on a concrete structure runs along 
the center of this basin, and a tunnel is built directly un- 
der the track and communicating with the storage space 
by means of a slot running the length of the tunnel and 
lying between the rails of the track which is supported 
on the tunnel walls. The track is provided in order to 
permit of the use of a traveling crusher equipment that 
discharges coal, crushed to the required degree of fine- 
ness, through the slot onto a belt conveyor that runs 
the length of the tunnel and discharges into a bucket 
elevator, by which the coal is elevated to the top of the 
boiler house and distributed into the overhead bunker 
by means of a suitable belt-conveyor arrangement and 
shuttle. The slot through which the coal is discharged 
as it leaves the crusher is provided with gates that are 
epen only at the position where the crusher car stands, 
the open gates forming a hopper for guiding the coal 
into the slot. The crusher is of the four-roll type; the 
car is provided with standard railway-type motors, and 
the simplex contact system is used instead of trolley 
wires or third rail. The purpose of this arrangement 
is that the hopper into which the coal is to be discharged 


FIG. 1. 








EXTERIOR OF THE 


half the length of the 
overhead bunker and a 
shuttle conveyor traveling 
on a track on top of the 
bunker for distributing the coal in the bunker. The 
system has a capacity of 120 tons per hour. The in- 
terlocking control is so arranged that in case any por- 
tion of the device is shut down, all other coal-handling 
apparatus, including the crusher, is automatically 
stopped. On the other hand, the crusher and its feeder 
cannot be operated until the balance of the coal-handling 
mechanism is set in motion. The bunker has a capacity 
of approximately 5,000 tons of coal. It is built of rein- 
forced concrete. 

There are twelve 606-hp. vertical type, high-arch Ladd 
water-tube boilers, each provided with an eight-retort 
tront feed underfeed type of stoker, Fig. 3. The front 
draft air is led to the stokers through a plenum chamber 
communicating with each stoker through a suitable 
wind-gate arrangement set opposite the center of each 
boiler in the plenum chamber wall. The plenum cham- 
ber is accessible through an arrangement of lock doors. 
A similar provision is made for access to the wind 
chambers under the stokers. Both plenum chamber and 
the compartments under the stokers are provided with 
electric lighting so that any work that has to be done 
in this part of the plant can be done under as favorable 
conditions as possible. Ample space is provided in the 
wind-chamber compartment so that inspection or repair 
of the stokers as well as the disposal of siftings can be 
conveniently accomplished at any time. 

The stokers are driven individually, each by an in- 
closed-type engine, and are arranged so that two stok- 
ers can be driven by the same engine in case of break- 
down. 


NEW BOILER HOUSE 
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The stacks are supported on heavy structural steel 
bracing forming part of the boiler setting and are braced 
against wind by a series of struts combined with the 
building structural-steel framework. The stacks are 6 
ft. in diameter and 150 ft. in height measured from the 
base up. The stack dampers are balanced with due pro- 
vision for expansion and are operated by means of a 
control apparatus that is interlocked with a control for 
governing the speed of the stoker engines and controlling 
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FIG. 2. COAL-STORAGE BASIN, CONVEYOR TUNNEL 


AT CENTER 


the wind gates, each boiler being provided with its own 
individual equipment. Fig. 4 shows a cross-section 
through the boiler house. 

Beneath the plenum chamber there is a subcellar for 
the accommodation of the side-dump ash cars. These 
cars are provided with storage batteries, are capable of 
making a turn inside of a 9-ft. radius and are used to 
convey the ashes from the hoppers under the boilers to 
an automatic ash skip hoist at the end of the building. 
The skip hoist discharges into a reinforced-concrete bin 
somewhat of the same construction as the coal bunker 
and located on the same level. This bin is provided 
with chutes and gates so arranged that the ashes can be 
ioaded into either a railroad car or a motor truck. 

The ash hoppers are built of cast-iron supporting 
plates throughout, lined with firebrick and provided with 








FIG. 3. 


VIEW ALONG THE FIRING AISLE 


suitable spray pipes and curved ash gates operated by 
low-pressure hydraulic cylinders, the ash gates having 
sufficient extension beyond the necks so that, when filled 
with water, a reliable seal is formed against the passage 
of air into the ashbin. 

Treated Youghiogheny River water is used and is 
delivered to the boilers by means of compound direct- 
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acting pot-valve type feed pumps. The feed pumps and 
the water-treating system are located in a separate build- 
ing, where provision is also made for the storage of 
chemicals. 

The boilers are equipped with superheaters designed 
for delivering the steam at 125 deg. superheat. The 
boilers are designed for 200 lb. pressure. Each boiler 
is provided with an individual steam-flow meter, and 
there is a totalizing flow meter on the main line. 

The coal-bunker arrangement with its relationship to 
the building-construction work and window openings is 
such that daylight is reflected to the boiler-house floor. 
The best of ventilation is provided both above the bunker 
and below. The space above is sealed off from the 





IG. 4. 


CROSS-SECTION THROUGH THE BOILER HOUSE 
lower part of the building in order to prevent coal dust 
from sifting down into the boiler house. There are 
ventilating flues along the side of the building columns 
and extending above the roof of the building, so that 
the ash tunnel receives thorough ventilation. The build- 
ings are brick clad up to the leanto roofs and above that 
point are covered with metal lath and cement. The 
i0ofs are of concrete and waterproofed with composi- 
t1on roofing. 

The boiler-house floor level is about eight feet above 
the yard level. This has been decided on owing to ex- 
treme high flood level being above the yard level of the 
plant. The foundation work is all waterproofed, and 
pumps are provided for taking care of any accumula- 
tion of water arising from the drainage from the ashpits 
during floods. 
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How To Improve Boiler Efficiency 


By H. F. GAUSS 


Chief Engineer, Illinois Stoker Company 





‘ln expert combustion engineer who can an- 
alyze and improve boiler-room conditions, 
capable firemen, and a simple equipment of 
instruments to give reliable operating data, 
are the first essentials. The author assumes a 
typical case, analyzes the losses and shows 
what a reduction of these losses would mean 
in dollars and cents. 





66 B= coal efficiently” is a slogan that might 
well be adopted in every boiler room, large 
or small. Valuable advice and information 

have been given along this line, but often the material 
presented is not in a form readily applicable to the 
everyday operation of boiler-room equipment. On the 
other hand, boiler-room attendants are frequently in- 
clined to discount the value of recommendations made 
by experts. Instead of lending their aid by endeavor- 
ing to make practical application of the information 
given, they are inclined to resent any implication that 
their old methods and ideas are not conducive to the 
best results. Such conditions are fatal to the realization 
of real boiler-room economy, and the boiler-room fore- 
man who is awake to his opportunities will not, under 
any circumstances, tolerate such an attitude on the part 
cf his assistants. 

No man is worthy of his calling who is not willing 
to put forth every effort to advance it. The fireman 
who will not strive to burn coal more efficiently than 
his predecessors have done is not fit for his job. While 
the technical expert is indispensable in solving the 
boiler-room problems, the practical boiler-room man is 
no less important. In the final analysis it is up to the 
practical boiler-room attendant to carry out the ideas 
and suggestions of the combustion expert. 


IMPORTANCE OF Resutts Must BE REALIZED 


To bring about real, permanent results the start must 
be made by the man higher up. He must realize the 
importance of the results sought, and he must analyze 
his particular situation to determine how far he can 
go in investing money in new equipment or remodeling 
and fixing up present apparatus. A little figuring will 
disclose some amazing possibilities. To figure intelli- 
gently, however, the daily performance of the boilers 
in use must be determined. It is not a difficult matter 
to do this, but it must be done accurately to secure re- 
liable data. The daily operating economy as the equip- 
ment stands is what is wanted, and not the results of 
an elaborate test run after special tuning up. 

A test should embrace at least 24 hours, during 
which time an accurate log of the weight of coal burned 
and the total water evaporated should be kept and 
recorded. The coal burned must be sampled carefully 
and its heat value determined by proximate analysis. 
The temperature of the water fed into the boiler must 
be recorded at regular intervals and likewise the steam 
pressure, and steam temperature if superheaters are 
used. A pyrometer in the breeching will give the tem- 
perature of the escaping gases, and a single-chamber 
Orsat apparatus will suffice to determine the CO, in 
the products of combustion. It is necessary to keep a 
systematic log of all observations during the test, and 


the averages are the quantities to be used in the final 
computations. It is desirable to arrange apparatus for 
measuring the boiler-feed water by weight or by vol- 
ume, but where this cannot be done, and meters are 
used for the purpose, they should be calibrated before 
and after the test. It is needless to say that before 
starting a test the blowoff valves and connections 
should be made tight. 

Suppose, for example, that a certain plant has a 
boiler room containing four hand-fired 500-hp. boilers 
and it is desired to run a test on one of these. Appa- 
ratus is arranged for taking the observations previously 
mentioned, and the final averages for a period of 24 
hours are as follows: Average steam pressure, 150 Ib. 
gage; average steam temperature, 456 deg. F.; tem- 
perature of feed water, 180 deg.; flue-gas temperature, 
650 deg.; total coal fired, 72,000 lb.; total water fed, 
391,000 Ib.; CO., 9 per cent. The analysis of the coal 
sample showed a heat value of 10,500 B.t.u.; and the 
following constituents per pound oi coal as fired: 


eae ee eee are ee rere er eerie eee TZ 9.2 
I TONE oa aon ccd aeelp eeoReNanidiGW asincms ehhicmewee. ae 
PERCE CHPNGH, PECTS ENE. cc ciciccccccceessrereeoecnsscrssccsnceeece 39.4 
FN ED GO oi ith Wik no 49:00:69 4. CAME TOCCHTEE NES HO 444 2ECE TERRES 17.5 


ee er rrr err eee re or 2.0 
Available hydrogen per pound combustible, per cent.........++-+-> ee 3 
The analysis of the ash sample showed 35 per cent. combustible in 


the ash. 

In the final analysis a certain amount of available 
heat has been delivered to the furnace in the coal fired, 
which may be determined by multiplying the heat per 
pound of coal as fired by the total pounds of coal fired. 
Of the heat delivered to the furnace a certain percent- 
age is absorbed by the boiler and used in converting 
water into steam. The heat so absorbed may be deter- 
mined by multiplying the heat contents per pound of 
steam generated, by the total pounds of water fed to the 
boiler. 

The heat contents per pound of steam is given in 
the steam tables, a convenient form of which is pub- 
lished by Marks & Davis. Turning to the table of 
properties of superheated steam, it will be found that 
at 150 lb. gage pressure, or 165 lb. absolute, and a tem- 
perature of 456 deg. the steam is superheated 90 deg. 
The total heat in the steam above 32 deg. F. is 1246.8 
B.t.u. per Ib. The heat per pound of feed water at 
the temperature of 180 deg. is 180—32 = 148 B.t.u. 
It follows, then, that the heat absorbed by the boiler 
per pound of steam generated was 1246.8 — 148=—= 
1098.8 B.t.u. Hence, the total heat absorbed by the 
boiler was 391,000 & 1098.8 = 429,631,000 B.t.u. On 
the other hand, the total heat in the coal fired was 
72,000 10,500 = 756,000,000 B.t.u. Dividing the heat 
absorbed by the heat available gives an efficiency 
of 429,631,000 — 756,000,000 = 56.8 per cent. 

With coal at, say, $3 per ton, the 72,000 Ib. cost $108; 
of this only $61.34 worth was actually transferred into 
the steam. Such a condition as this exists in the major- 
ity of power plants. 


DETERMINING THE PossIBLE IMPROVEMENT 


The question naturally arising is, How much better 
efficiency can be expected? This can be answered by a 
careful analysis of the avoidable and unavoidable losses 
that take place in the operation of the boiler. For this 
purpose the charts, Figs. 1, 2, 3 and 4, are given. By 
analysis the coal contained 10,500 B.t.u. as fired. Using 
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CHART GIVING QUANTITY OF AIR PER POUND OF FUEL AND HEAT LOST UP STACK 
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Turning now to Figs. 2, 3 and 4, it will be found 
that the following additional losses are taking place, 
those due to moisture and hydrogen being unavoidable. 


OGG Ene tO DS POF COME. MINIT, TE Sie cicccccecccecesccesecces 121 
Loss due to 2 per cent. hydrogen, B.t.tr......cccccccccccoccsccce 235 
Loss due to 35 per cent. carbon in ash, B.t.u.......cccccccsccccece 1380 


Adding these losses to that of the stack gives a total 
of 4386 B.t.u. The efficiency at which the coal was 
burned may be found by subtracting the heat lost per 
pound of coal from the heat available, and dividing the 
difference by the heat available, thus: (10,500— 4386) 
~ 10,500 = 58.2 per cent. 

This efficiency is slightly higher than was obtained by 
test, because there are certain unavoidable losses, such 
as radiation, which are difficult to account for with any 
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FIG. 2. LOSS DUE TO MOISTURE 

degree of accuracy and, therefore, are either neglected 
or charged up as unaccountable losses. They vary 
from 1 to 5 per cent. in many cases. 

As stated before, the losses due to hydrogen and 
moisture are fixed and cannot be reduced. The big 
losses, however, are those due to excess air and corre- 
spondingly low CO,, high flue-gas temperature and car- 
bon in the ash. These are the losses to fight against. 
Suppose, for example, that the operator succeeded in 
reducing the flue-gas temperature to 450 deg., raising 
the CO, to 16 per cent. and reducing the carbon in the 
ash to 20 per cent. Then the losses would be: 


Loss due to 9.2 per cent. moisture, B.t.u.............c ccc cee cccees 112 
Loss due to 2 per cent. BN, BNO cas cKeesinwdsvinvesecewen 218 
Loss due to 20 per cent. carbon in ash, B.t.u..............cceeeees 640 
ey Ge WP WRN ON, TROT decccceicvices éibecsevcecedesceceecen 990 

Be I irk care sidcorddannedwasodiaswedebedsascaicoeiaGmsneioe 1960 
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The efficiency now becomes (10,500 — 1960) ~ 
10,500 = 81.3 per cent. Deducting from this 1.3 per 
cent. unaccountable losses leaves a maximum efficiency 
of 80 per cent. to be striven for. In dollars and cents 
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FIG. 3. LOSS DUE TO HYDROGEN 
the accomplishment of this would mean a saving of 
$24.95 per day for the one 500-hp. boiler, or per year 
of 300 working days, $7485. 

The owner or manager now has before him a figure 
that really means something. If necessary, he could 
spend enough money to buy automatic stokers to secure 
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FIG. 4. LOSS DUE TO COMBUSTIBLE IN ASH 
the desired results, and the saving secured would soon 
pay off the investment. But he also must realize from 
the possibilities that in no other department is there 
such an opportunity for saving as exists in the boiler 
room, therefore the necessity of competent men in 
charge. A high salary paid to a boiler-room attendant 
is money well invested, if by it a competent man, wide- 
awake to the responsibilities of his position, is secured. 
In striving for high efficiency, the first step, then, is 
to put a competent man in charge. The next step is to 
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see that he is equipped with the necessary instruments 

so that he can work intelligently. There should be 

draft gages, pyrometers, Orsat apparatus, and, of 
course, means of weighing the coal and measuring the 

water. A recording pyrometer in the breeching is de- 

— but a hand Orsat for checking the CO, is suf- 
cient. 


After the maximum efficiency has been approached 
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2s nearly as possible with the existing equipment, it is 
time for the man higher up to consider stokers and 
coal and ash-handling machinery. In addition to re- 
ducing the coal there is the possible labor saving, all 
of which must be considered. 

If the boiler-room problem is attacked logically, as 
outlined, and the solution suggested energetically fol- 
lowed up, good results are bound to follow. 


Standard Meter Rates—Basis of Development 


sy LEROY W. 





Fundamental features of power-plant opera- 
tion are discussed as regards rates. Such ele- 
ments as station load, load factor, diversity 
factor, etc., are considered. 





ticularly in connection with the operating steam 

engineer, an intimacy with standard meter rates 
becomes distinctly essential. For instance, in the iso- 
lated plant, when the engineer is approached by the 
central-station power salesman, he can talk on an equal 
footing when rates or bases of rates are discussed. 
Likewise, he can help the management with its use of 
central-station energy and be of material assistance 
when monthly bills are checked up or consumption to- 
ialed. Again, such technical points arise as to why an 
“off-peak” consumer enjoys a lower rate than an “on- 
peak” customer; or the reason for a “demand charge,” 
and so on. There is a constant call, often when least 
expected, for information on different points of rate 
development. And the engineer who is ready with the 
answer is the man who is prepared to move ahead. 

In a consideration of electric-meter rates, there are 
defined elements of central-station operation that must 
he kept in mind, for these have a certain bearing on 
the subject. They include the station load, load factor 
end diversity factor from the actual operating end, 
while from the financial viewpoint there are the items 
of capital investment, fixed charges, operating expenses, 
depreciation and sinking funds. 

The first group covers the fundamental features of 
operation, while the second deals more specifically with 
rate figures; that is, the actual charges to be made for 
service to the consumer to bring the desired return. 
This latter group can be neglected in the matter of ex- 
act significance or meaning of terms with regard to the 
particular branch of the subject at issue. A fair knowl- 
edge of the first noted, however, is important. 


T VARIOUS phases of power-station work, par- 


STATION LOAD OF THE POWER PLANT 


The station load means the character of service han- 
dled by the power plant. The maximum kilowatt de- 
mand that is made on a generating station under a 
yearly period determines its capacity. This is known 
generally as the yearly-peak load, and with the major- 
ity of central stations is evidenced in the month of De- 
cember, when with short days, power and lighting re- 
quirements are exceptionally high. Moreover, this 
yearly peak is of short duration, from a half-hour to not 
more than an hour in extent in a 24-hour period, but 
this short, intensive demand indicates the plant capac- 
ity. If this rate of demand could be maintained at all 
times and the station loaded to capacity, a highly desir- 
able condition would exist, making for utmost efficiency 
and lower rate schedules. But real situations and not 


ideal conditions must be faced. 
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The character of the station load of course varies 
considerably with different plants. In large commu- 
nities the station carries lighting, power, possibly the 
local traction load, water-works, etc., while in a rural 
district the bulk of load will be found to deal with 
lighting service. A plant of this latter type, conse- 
quently, has little if any call during the day, and the 
few hours of darkness when service is at maximum 
demand must defray the expenses for the period of 
comparative idleness. Accordingly, higher rates for 
service are necessitated in a station of this nature, 
which frequently is closed down from midnight until 
well on into the next day, and sometimes until dusk. 

Factors of station service—that is, the particular char- 
acter of the load—are thus of considerable importance 
in the establishment of rates. It is the load curve from 
the daily log that tells the story. 


Tue Loap Factor 1N Power-STATION OPERATION 


There are, in reality, two load factors to be consid- 
cred in power-station operation; namely, station load 
factor and consumers’ load factor. The former is the 
ratio of average station load to the maximum station 
load over a certain period of time, as a day, a month or 
a year. It is determined by dividing the actual kilo- 
watt-hours by the total of the maximum kilowatts mul- 
tiplied by the hours. For example take a plant where the 
actual kilowatt-hours aggregate 1,200,000, with a maxi- 
mum of 100,000 kw. in a 24-hour period. This would 

2 

1 = 0.50. 
100,000 x 24 

A load factor of 50 per cent. would be considered 
fairly high, anything from 30 to 35 per cent. being 
good, while a load factor above 70 per cent. is deemed 
exceptionally good and is found only under conditions 
of a stable 24-hour load. As is generally understood, 
the nearer the load factor approaches to 100 per cent. 
the more effective is the operation and, consequently, 
the better the revenue derived from such plant opera- 
tion. Under a 100 per cent. load factor the station 
would be operating at full load at all times. With a 
small plant operating under ordinary service, the load 
factor is usually low. 

From this brief mention of station load factor, the 
exact significance or relation to rates will be noted 
readily, for even with as high a load factor as 50 per 
cent. a large amount of the plant investment is required 
tor but a small percentage of the revenue. And this 
is why added service for off-peak periods is highly de- 
sirable; it improves the load factor and increases the 
percentage of return with the same capital investment. 

As to consumers’ load factor, this is the ratio of the 
average load to the maximum load in a 24-hour period. 
Very frequently, this term is used in connection with 
an “hours of work” basis, or usually 8 hours, but this 
is really a misnomer as applied to central-station opera- 
tion. For example, assume that a consumer has a max- 
imum demand of 300 kw. with an average load of 150 





show a 50 per cent. load factor, or 
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kw., the consumers’ load factor on 8-hour basis would 
be 50 per cent., whereas, for a 24-hour period it would 


. _150X8 _ a 
be 1624 per cent., o1 300 X24 = 1624. In other words, 


on this basis, it is the percentage comparison between 
the kilowatt-hours used and the maximum use. 


Tue Diversity Factor DEFINED 


The diversity factor in central-station operation is 
the sum of all the maximum demands on a plant com- 
pared with the actual maximum demand. This is 
brought about through the variation in the time of vari- 
cus customers’ maximum demand on the plant, as it is 
hardly necessary for the plant to furnish all customers’ 
maximum demands at the same time. For instance, if 
a group of, say, 100 consumers have a maximum de- 
mand of 10 kw. each on a generator and the actual 
maximum load on the machine is 200 kw., the diversity 
factor on the unit is the total of the first two, Jlivided 


by the latter, or =. In other words, the 


capacity of the generator would only have to be one- 
fifth of the total rating should all the consumers utilize 
their maximum power at the same time. As will be evi- 
dent, the diversity factor is always more than 1, and 
the higher this factor in plant operation the lower ihe 
investment required to provide for a certain connected 
load. Different classes of consumers have quite a de- 
fined variation in diversity factors. For general power 
service, the average is usually about 1.5, while for ordi- 
nary lighting service it is from 3 to 6. 


CLASSIFICATION OF RATE ForMS 


There are certain rate forms that have become rec- 
ognized as standard. These may be divided into two 
main classes covering so-called “meter rates” and “de- 
mand rates,” while each of these is again subdivided 
into a number of different types of rate-computation 
schedules. Under the head of “meter rates” there are 
three classifications as follows: (1) Straight-line meter 
iate; (2) step meter rate; and (3) block meter rate. 
Under the subject of “demand rates” there are four 
different types or systems: (1) Flat demand rate; 
(2) Wright demand rate; (3) Hopkinson demand rate; 
and (4) Doherty, or three-charge, rate. 

All these different rate forms are in use, some, of 
course, being more popular and serviceable than others. 
A study and understanding of the various fundamentals 
of computation give a comprehensive knowledge of 
this phase of rate-making and of sufficient extent for 
all practical purposes. Other methods of figuring elec- 
tric charges have been developed for specific purposes, 
but speaking in the broad sense of general usefulness 
and utility, these are of minor attainments, taking their 
inception from recognized standard rate forms, and 
therefore hardly worthy of any extended study. 

(The two groups of standard-rate schedules men- 
tioned—“meter rates’ and “demand rates’—will be 
considered in detail in early issues of Power.) 





At the new six million dollar power plant of the West 
Penn Power Co., now under construction at Spring- 
dale, Penn., near Pittsburgh, a vertical shaft is being 
driven to a seven-foot vein of coal underlying the bed 
of the Allegheny River. The shaft will be 150 ft. 
deep, at which point entries will be run through the vein 
of coal which will be used for supplying this power 
plant with fuel. It is understood that there is approxi- 
mately one million acres of coal land that will be mined 
before the supply becomes exhausted. 
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Power Growth in California 


The normal growth of northern and central Califor- 
nia will require the addition of power-generating facili- 
ties to the extent of 30,000 kw. per annum, according 
to estimates by Railroad Commission engineers of 
California. This will mean the expenditure of approx- 
imately $5,000,000 a year for power stations and trans- 
mission facilities alone. An equally large expenditure 
will be required for distribution and other facilities nec- 
essary to deliver this power. 

It is estimated that the power demands for southern 
California—industrial, commercial, residential, and for 
irrigation—will reach a total approximating that neces- 
sary for the needs of the northern and central sections. 

California’s electrical needs, therefore—just enough 
to meet normal growth demands—will call for the ex- 
penditure for several years to come of approximately 
$20,000,000 annually. There are now under way four 
large hydro-electric projects, the completion of which 
will cost approximately $25,000,000. It is expected that 
these will be completed in the next vear. 

Completion of these four projects will render avail- 
able 120,000 kw. of generated capacity. They are the 
Caribou plant of the Great Western Power Co. on the 
Feather River; Kerckhoff plant of the San Joaquin Light 
and Power Corp., on the San Joaquin River ; Kern River 
plant No. 3, of the Southern California Edison Co., and 
the power plant of the City of Los Angeles, planned to 
utilize the waters of the aqueduct in San Francisquito 
Creek. 

The Pacific Gas and Electric Co. recently enlarged its 
Lake Spaulding reservoir, purchased the power-produc- 
tion facilities and distributing system of the Northern 
California Power Co. and has under way a plan to lease 
the properties of the Sierra and San Francisco Power 
Co. A Pitt River power-development scheme made pos- 
sible by the purchase of the Northern company is also 
planned by the Pacific Gas and Electric Co. 

There are more than a half a million customers (545,- 
000, to be exact) on the books of the existing electric 
utilities of the state, the commission points out in its 
annual report, just completed and forwarded to Gover- 
nor W. D. Stephens. 

At present the eighty-four companies engaged in the 
business of manufacturing and selling electric energy 
in California operate seventy-five hydro-electric plants. 
In addition there are fifty steam plants. The combined 
installation of the 125 plants totals 770,000 kw. During 
the year 1918 these plants generated a total of 2,892,- 
000,000 kw.-hr., of which 2,163,000,000 kw.-hr.,. or 75 
per cent of the entire production, was produced by 
water power. This production is still far below the 
energy required to meet the present demands. 





According to George Otis Smith, Director United 
States Geological Survey, the United States produces 
about 95 per cent of the natural gas consumed in the 
world. Of this two-thirds is utilized in the indus- 
tries, and one-third for domestic service. Pennsylvania 
ranks first as a consumer, while Ohio, Kansas, West 
Virginia and Oklahoma have contended for second and 
third honors. The increase in utilization of natural 
gas has been both rapid and steady. In 1908 there were 
21,000 wells producing 402,000,000 cu.ft. Ten years 
later 39,000 wells had practically doubled that output. 
During the past 13 years the quantity used has approxi- 
mated 814 trillion cubic feet, and the present rate is 
nearly 9,000,000 a year. However, we are not war- 
ranted in expecting anything in the future but a general 
decline in the current supply of this fuel. 
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Power Costs To Increase 
and Not Decrease 


LMOST from the inception of the generation and 

transmission of power electrically it has been the 
dream of the engineers that some day the entire country 
would be tied together with a network of electrical 
transmission and distribution lines supplying power for 
every purpose at very low rates. There is little doubt 
that the first part of this conception is fast approach- 
ing a realization—transmission networks are spreading 
out over the country in every direction. As an indica- 
tion of the trend in this development one has only to 
consider that there are over fourteen thousand miles of 
single-circuit transmission lines in service in this coun- 
try operating at voltages of from seventy thousand to 
one hundred and fifty thousand, and super-power sys- 
tems operating at two hundred and twenty thousand 
volts connecting up into one great network generating 
station having one million kilowatts or more capacity 
are the prospects of the near future. 

However, these great networks for power transmis- 
sion have not solved the problem of cheap power. There 
are localities in the immediate neighborhood of large 
hydro-electric developments where power is cheap, but 
when it is transmitted two hundred or three hundred 
miles the cost must be increased considerably to pay 
interest on the additional investment, maintain charges 
on the equipment, etc. The fact that power must be 
sold at three or four cents per kilowatt to make it a 
paying proposition, when developed in a hydro-electric 
plant and transmitted six hundred miles, by even the 
most highly developed means that the electrical art 
can command at the present time, shows that hydro- 
electric power to be cheap must be used close to the 
source of production. 

Improvements in steam power-plant equipment have 
seduced the cost of electric energy generated from coal 
until in many cases it has become a competitor of the 
hydro-electric plant, especially where the hydro-electric 
power had to be transmitted a considerable distance. 
Previous to the war the large steam plant apparently 
had promising prospects of reaching a point in efficiency 
where it could compete with the hydro-electric plant on 
its own ground. But with everything that enters into 
the production of power rising in value, operating 
<. steam plant has developed into what might be termed 
a struggle by the mechanical and the electrical engineers 
to improve the equipment and thus keep the expense 
down in the face of the rising cost of those elements 
required in power production, with the increasing cost 
of materials holding the winning hand, as evidenced by 
an advance in power rates allowed to many of the public 
utilities. 

The comparatively low cost of power in steam plants 
in the past was made possible by high-grade coal at low 
cost, low labor cost, and comparatively low construc- 
tion and maintenance cost. Coal at low prices was ob- 
tained by working the most accessible fields at low labor 
costs, with favorable freight rates and reasonable profits. 
Consideration of each one of these elements at the 
present holds forth very little encouragement for a de- 
crease in the price of coal; in fact, if there is to bé a 
change in the future, the indications are that it will be 
upward. Consequently, the price of power must go 
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up. No doubt improvements in steam power-plant 
equipment will be made to improve the thermal effi- 
ciency, but unless something radical develops, which 
is not in sight at the present, the coal required per 
kilowatt-hour in our most efficient plants will not be 
greatly reduced. This being true, the prospect of power 
being supplied cheaply from large power systems, or 
any other systems for that matter, must remain a dream, 
except in localities near large hydro-electric sources that 
may be developed at low cost. 


Progress in Water-Power Legislation 


| genkey the determined fight made on the Water 
Power Bill in the Senate by the conservation 
group, only eighteen votes were cast against it on final 
passage. Fifty-two Senators voted in the affirmative. 
Several important amendments to the bill that passed 
the House were approved by the Senate. Among these 
were the authorization of the twenty-five-million-dollar 
power development on the Potomac River at Great 
Falls and the conferring on the Federal Power Commis- 
sion the duties already provided by statute for the New- 
lands Waterways Commission. This latter commis- 
sion had been empowered to study and advise Congress 
on matters pertaining to reclamation, utilization of 
water power, flood control and other matters. It is 
regarded as likely that the Great Falls project and the 
rehabilitation of the Newlands Commission will go out 
of the bill in conference. It is also recognized that 
other very important changes will be made in the bill in 
conference. 

Senator Lenroot of Wisconsin led the fight against 
the bill. His position and that of other conservationists 
is that the bill as amended by the Senate gives away the 
public’s water-power resources for practically nothing 
by relieving licensees from paying what they regard a 
reasonable value for the power. They also claim that it 
limits the possible charge which may be made by the 
Government for the expenses of administering the act 
plus a small fee based on the value of government lands 
occupied, irrespective of their water-power possibili- 
ties. The Senate committee amendment, which is the 
basis of these objections, was voted into the bill because 
a majority of the Senators were convinced that no good 
could come from the legislation unless the development 
of the water power was made sufficiently remunerative 
to attract capital. Objection also was found to the 
Senate committee amendment which gives the public 
service commission of the state the power to decide 
alone that a contract may extend beyond the end of a 
lease. 

A very determined fight was made against che word- 
ing of the bill which pertains to the terms of the license. 
As the Senate amended the bill, the effect will be, the 
conservationists declare, to make a license perpetual. 
The majority of the Senate, however, was unable to 
see any such danger as pointed out by Senator Lenroot 
and his associates and believe that the 50-years license 
and its renewal are amply safeguarded and provided 
for in a way that will induce capital to develop water 
power. 

The bill provides for the creation of a Federal power 
commission which is empowered to issue licenses for 

the development of water-power projects at a reason- 
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able annual charge. State municipal power plants and 
mdustrial plants developing less than two hundred 
horsepower are not required to pay a license. 

Among the beneficial results anticipated as certain to 
result from this legislation provided the Senate and 
House conferees are able to agree are a saving of coal 
and oil, more efficient transportation, development of 
new industries, the building up of new communities, 
the creation of new property values, added employment 
for labor and increased market for agricultural prod- 
ucts. It also was pointed out that every year that the 
water powers of the country are undeveloped, the na- 


tion suffers a loss equal to the cost of their develop- 
ment. 


Standard Meter Rates 


Hie subject of standard meter rates or schedules 

for electric service is one of great interest and 
importance to chief engineers, operating engineers and 
others engaged in power-plant work. How this par- 
ticular rate charged is developed or that rate derived 
covers basic consideration of good central-station prac- 
tice, and each such plant naturally employs a system of 
charge, utilizing a recognized standard meter schedule, 
that will make for entire uniformity and harmony in 
operation. , 

Rate making in itself has come to be a scientific study 
of broad proportions, and upon this phase of power- 
plant work is dependent, to a large degree, the success- 
ful attainment of the electric station. The prevailing 
charges for light and power service must be equitable 
and properly graded for different classes of construc- 
tion, the whole showing a fair net return of profit. In 
these days exact service rates are governed to a large 
extent by utility-commission control in different states. 

Beyond the direct application for specific character 
of service, or actual charge in force, a comprehensive 
knowledge of a proved system for rate computation as 
now in general practice is of great value and advantage 
to the engineer, not only in the light of broadened un- 
derstanding in power-station activity, but for real serv- 
ice and utility in everyday operation. Whether engaged 
in central-station or municipal-plant work, or in the iso- 
lated-power plant, is not of great material moment— 
the engineer should know. 

In this issue is published the first of three articles on 
“Standard Meter Rates.” The purpose of these ar- 
ticles is to familiarize operating engineers with the va- 
rious standard rates in common use by central-station 
companies in charging for power, so that the former 
will not be at a disadvantage when called upon to dis- 
cuss these problems. The purchase of power from a 
central station does not necessarily mean the closing 
down of an isolated plant, since there are many condi- 
tions where power is purchased in conjunction where an 
isolated plant is in operation, such as to relieve the 
overload on the existing power plant, to eliminate some 
uneconomical mechanical drive, to drive a new mill 
when the capacity of the power-plant cannot be in- 
creased advantageously, to drive a new addition to a 
mill that cannot economically be reached by shafting, 
etc. There are so many of these conditions under 
which power may be purchased advantageously that the 
problem of purchased power versus isolated plant has 
become not so much a question of which shall exist, as 
how both may exist to the greatest advantage to indus- 
try as a whole. 

It is not enough for the isolated-plant engineer in the 
industrial power plant to know that his plant is operated 
in the most economical way; he should be able to ana- 
lyze the various conditions under which it might operate 
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in combination with purchased power. The engineer 
who is willing to put forth the effort to make these 
analyses will find that his job is one that requires real 
engineering skill and ability, and the running of his 
plant will never develop into the following out of the 
regular routine. The effort is worth while, for it will 
relieve the monotony of the regular routine work that 
the operating engineer not infrequently complains of 
today, and the training will be of great assistance in 
obtaining the bigger job or the larger salary that is in 
the mind of every progressive power-plant engineer. 


The Human Element 


OT with regard to the erratic and oftentimes irasci 

ble nature of the human element upon efficiency, 
but to the effect of the personality of the profession as 
a background for the popular conception and for the 
student’s ideal of mechanical engineering as a profes- 
sion do we raise the subject. 

Professor Magruder, of the Ohio State University, 
writes: “Many of our students have very hazy ideas 
of what a mechanical engineer does. The most popular 
idea is that he is a high-grade machinist, hence I would 
be glad to dispel this ignorance and help the young men 
to form more accurate opinions of the profession and 
the men who have made it. As a means to this end I 
have had a number of photographs and halftone prints 
of some of our most prominent mechanical engineers 
framed and hung on the walls of our laboratory. These 
are referred to when the particular thing which they 
have done is the subject of the lesson. For example, a 
Corliss engine takes on personality when the picture of 
George H. Corliss is shown. The same is true of the 
Babcock & Wilcox boiler, and many other inventions 
and products of the brain of our great engineers. In 
my opinion this has an educational value which is worthy 
of the trouble. An expensive variant on the framed 
print is to have transparencies in the windows.” 

This is more than an ordinary suggestion. The stu- 
dent whose conception of his profession is illuminated by 
a knowledge of its history and peopled with concrete 
ideals of its personnel has more of the element of suc- 
cess than one the background of whose conception is 
the drawing board and whose brain is peopled only with 
principles and formulas. 


Ice and a Boiler Explosion 


N other pages of this issue is given an account of a 

boiler explosion, and the cause is attributed to ice 
in the vent pipe of the safety valve and perhaps in the 
body of the valve itself. A careful review of the cir- 
cumstances will make it evident that such an occur- 
rence is entirely possible and discovery of frozen vent 
pipes on the other boilers in the same plant that had 
been shut down for washing and inspection, goes a long 
way toward confirming the foregoing supposition. With 
a complete set of new tubes and the boiler reported to 
be in excellent condition otherwise, and apparently so 
from the appearance of the metal at the breaks in the 
flange of the tube sheet and the braces, it would appear 
that two safety valves free to the atmosphere should 
have prevented a dangerous pressure. It is certainly 
an infrequent cause of boiler rupture, but one that 
should be taken into account in severe weather. Late 
types of safety valve would have relieved the boiler 
notwithstanding a choked vent pipe. From readers 
who may differ as to the cause of the accident or may 
have other suggestions to offer we will welcome a dis- 
cussion. All the information possible on an accident 
of this character will help guard the future. 


Fe 
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Remedy for Present Valve Setting 


In the issue of Sept. 23, 1919, page 518, S. L. Gilliam 
submitted indicator diagrams, a study of which indicates 
that most of the improvement in the second cards is due 
to higher boiler pressure and a decreased load. In my 
judgment a change was made in the setting of the ex- 
haust valves, probably an adjustment of the reach rod 
irom the eccentric to the wristplate, as the compression 
is more nearly equal in the second diagram than in the 
nrst. 

The most important adjustment to be made on this 
engine is setting the exhaust valves. I believe that be- 
fore a proper diagram can be obtained, the exhaust 
eccentric will have to be set back slightly. 

The present pounding in the head end is caused by 
excessive compression which raises the head-end steam 
valve from its seat, thus causing it to slam. It would 
be advisable to draw this head-end steam valve and 
examine it and its chamber. The slamming may have 
chipped out pieces of the valve or port edges, which 
may be causing a leak through this valve. If the head- 
end steam valve and chamber are in good condition, 
replace the valve and note its position when closed. 
It may not travel far enough to give proper closing. 

The position of the piston in the cylinder at both 
dead-centers should also be noted. The clearance at 
the head end may be considerably less than that at the 
crank end. From the looks of the second diagram I 
would expect to find either a leaky head-end steam 
valve or very little clearance at that end. These two 
points should be investigated before trying to set the 
valves. 

To set the exhaust valves the first thing to do is to 
adjust the wristplate to rotate within its proper range 
of motion, as shown by the marks on the hub of the 
wristplate and the mark on the stud. If no marks can 
be found, then adjust the wristplate to move equally in 
both directions from the central position. The rods 
from the wristplate to the exhaust-valve arms should 
then be adjusted to give proper exhaust opening and 
closing. Judging from the diagrams shown it may not 
be possible to get the compression reduced sufficiently 
without causing too early exhaust opening with the 
present setting of the eccentric, unless the head-end 
steam valve is now leaking. 

I believe that very little change in the setting of the 
exhaust valves will be found necessary if the head-end 
steam valve is tight and the clearance is equalized. 

The second diagrams show the point of exhaust clos- 
ure at the head end to be but a trifle earlier than that 
at the crank end, which is proper, as the head end 
should have more compression than the crank end be- 
cause of the greater speed of the piston when traveling 
at the head-end half of the cylinder. 
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After getting the trouble with the head-end compres- 
sion located and eliminated, the setting of the steam 
valves may be considered. 

The steam wristplate should be adjusted for travel 
the same as the exhaust wristplate. From the state- 
ment that the threads run out of the link head, prevent- 
ing further adjustment of the head-end valve, it would 
seem that the wristplate is now off center or else the 
valve stem was not properly keyseated or the stem has 
been twisted at some time. 

Sufficient lead should be given to produce the desired 
straightness to the end of the indicator card. The 
amount of steam or exhaust opening when the wrist- 
plate is on the center has no effect on the steam rate of 
the engine, therefore it should not have very much 
weight in the setting of the valves. 

The steam valves should be set to give proper lead 
with tight valves when closed and a proper working 
position of dashpot rods and hooks. If the hook rods 
have to be shortened too much in order to get sufficient 
lead, the valve will not close properly when released or 
the hook may pull back too nearly in a straight line with 
the rod for safe operation. In that case advance the 
steam eccentric. 

It must be kept in mind when shifting the steam ec- 
centric that advancing the eccentric will cut down the 
capacity of the engine if the engine is to run on the 
governor cutoff. That is, the limit of the cutoff is re- 
duced by advancing the eccentric. The valve motion 
reaches its farthest point of travel earlier in the travel 
of the piston in the case of engines using the stationary 
knockoff blocks, or knockoff blocks fixed to rings 
shifted by the governor. In the case of the special gear 
sometimes used where the knockoff gear has an inde- 
pendent motion on centers controlled by the governor, 
then the point of cutoff is independent of the steam 
eccentric. 


Peoria, III. C. E. Moutrson. 





It is evident that there is too much lead on the head 
end, resulting in no work being done on that part of 
the stroke shown by the pointed tip of the diagram. 
Again, the crank end shows no terminal pressure, the 
expansion being carried too far for economy. The en- 
gine is evidently slightly underloaded. 

I suggest that the valve might be changed on its spin- 
dle or that the eccentric be shifted. Adjustments of 
rod lengths do not change the general phenomenon of 
lead, since the angular advance influences all time ele- 
ments during both strokes; so in this case it is best to 
delay the time of the motion rather than its amount. 
The compression line on the head-end shows that the 
exhaust valve closes too early. W. S. HorrMan. 

Morgantown, W. Va. 
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Substitution of a Slip-Ring Rotor 
for a Squirrel Cage 


A 100-hp. three-phase 6U-cycle 220-volt squirrel-cage 
induction motor was used to drive a compound air com- 
pressor. Unless considerable care was used in starting, 
the inverse-time circuit-breaker would open. To im- 
prove the starting torque, a slip-ring type rotor and 
bearing housings from another motor were substituted 
for the squirrel-cage rotor. The original stator was 
ieft on its foundation. 

For trial conditions, a water rheostat was connected 
in the rotor circuit, as shown in the figure. The starter 
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WATER RHEOSTAT CONNECTED TO ROTOR SLIP RINGS 





























used with the squirrel-cage motor was put in the run- 
ning position and the main-line switch closed. A few 
trials showed that the substituted rotor would fulfill all 
requirements. The next step was to select a suitable 
permanent starter. A voltmeter was connected across 
the rings of the rotor while the brushes were lifted and 
the full line voltage applied to the stator. Voltage be- 
tween rings obtained in this manner was 140. The sec- 
ondary amperes were then calculated from the following 
formula: 

horsepower X 746 


V 3 voltage between rings 
100 746 | 300 

1.732 140 

A starter designed to give full-load starting torque 

was selected. This starter had five points or steps in 

the secondary resistance. This number was used so 

that an even acceleration and maximum torque would 
be maintained during the starting period. 


Washington, D. C. H. L. Hervey. 
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Electrical and Steam-Plant Operators 


I wish to emphasize the importance of a distinction 
between the electrical and steam operation of power 
plants. It has long been the practice in the small and 
medium-sized plants to permit the engineer to have sole 
supervision over the electrical equipment. This being 
done chiefly from an economical point of view, the en- 
gineer makes all the minor repairs and acts as chief in 
general. His knowledge of the electrical line is suf- 
ficient to enable him to do practically all the work him- 
self, calling for expert advice if the occasion arises. 

This system without a doubt works quite satisfac- 
torily in the small plant, but as the .engineer assumes 
charge in a position with a greater responsibility, he 
will not be required to perform the duties of an electri- 
cian, but will have supervision over the electrical work. 
The fact that he holds a position with a title as steam 
engineer enables him to assume charge over a separate 
and distinct line. If this practice is to be adhered to, 
greater stress should be laid on the subject of elec- 
tricity, in connection with the state examination. 
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It is clearly understood that the Underwriters’ re- 
quirements for the safe operation and installation of 
electrical equipments are far in excess of those re- 
quired for steam-plant operation, particularly in sec- 
tions where a license is not required. The electrical 
worker qualified to perform the duties of an electrician 
must abide by these fixed rules. Nevertheless a com- 
plete knowledge of the Underwriters’ requirements 
does not make an electrician, any more than a licens 
makes a steam engineer. 

I recall an instance where an engineer in charge of 
a plant directed an electrical worker to clean the ex 
citer rings on a particular alternator. The machine ha, 
pened to be of the stationary-field type, and the rings 
referred to consisted of four 2400-volt distributio: 
rings. Had it not been for the experience of the work 
man, the result might be imagined. 

On another occasion the circuit-breakers wer 
blocked to prevent the automatic operation, thus pre 
venting an interruption to the continuity of service. 
The fact was not realized that they were carefully set 
and tested for a maximum margin of safety. However, 
lightning struck the system, and resulted in a serious 
loss. 

Parlin, N. J. J. W. TRUESDELL. 


Operating 220-Volt Motors 
on 550-Volt Service 


Fire destroyed a power plant from which two 220 
volt-interpole motors were supplied, used to drive the 
machinery in a factory. Fortunately, the motors were 
exactly alike, and we were able to connect the load 
together mechanically, and the motors in series to op- 
erate from a 550-volt trolley line, as in the figure. The 
shunt fields were disconnected from the armatures and 
connected in series and through one starting box, no- 
voltage release coil only, as indicated. The armature 
resistance in the two starting boxes was connected in 
series with the armature circuits only. The return 


Trolley 550 Volts 








Ground = 











Shunt Fields... 









































No Spring’ © 
“Interpole Windings’ 


CONNECTION DIAGRAM FOR OPERATING TWO SHUNT 
INTERPOLE MOTORS IN SERIES 


spring in the arm of box C was removed, and it was 
depended upon B alone to disconnect the motors from 
the trolley line if the voltage failed on the latter. 

To prevent either motor from racing, their pulleys 
were removed and set on a timber frame, so that their 
ends were next to each other and lined up, butting the 
two shafts together. The armature lead on one motor 
was crossed to get the correct rotation. One pulley 
was used as a combination pulley and coupling, which 
clamped and held both shafts together. From this com- 
mon pulley the motors were belted to their loads, which 
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had been connected together mechanically. ‘These ma- 
chines operated for about a week when the wooden 
frame gave enough to allow the motors to get out of 
line and break open the pulley couplings, after which 
a couple of metal bars, run parallel to the shaft, were 
put under them, and we had no further trouble. 
Tampa, Fla. J. C. BuErKe. 





[It is apparent that Mr. Buerke went to considerable 
unnecessary work in coupling the motors together me- 
chanically. .Connecting the two loads together mechan- 
ically was equivalent to coupling the motors together. 
Therefore, all that was necessary was to connect the 
loads together mechanically and the motors in series. 
Of course, any difference in the size of the pulleys or 
thickness of the belts would have a tendency to make 
one motor take more load than the other. However. 
when both equipments are supposed to be identical, this 
unbalancing of the load between the two motors should 
be very small._—Editor. | 


Repair Jobs in Central America 


In Fig. 1 is shown an easily made lever arrangement 
to drain hoist-engine and pump cylinders when so placed 
as to be difficult to get at. To each drain-cock an 
evolvent-shaped lever is fastened by a rivet or cotter 









> 
Y ee we 


POWER 189 





cocks are held closed. On mine steam pumps which are 
occasionally submerged, I connected such a handle to a 
station ten feet higher, and many times the pumps could 
be started only by that arrangement. 

One of the steam-port edges of a pump was dam- 
aged, as shown in Fig. 2, but little time could be lost, so I 
fitted a piece of iron by means of two screws and dowel 
pins to the slide valve. No trouble was experienced 
when the pump was started up. 

An adjustable guide arrangement for the slide valve 
on a 10-hp. engine is shown in Fig. 3. This valve has 
such play that it was often forced from its seat when 
the governor, from any cause, closed too rapidly. The 
steam chest had to be opened each time this happened 
and the valve replaced. The two nuts, having been for 
some years in place, were so tight that to loosen them 
would overstrain the rod. A piece of %x1-in. soft 
steel was shaped to give three points of contact only 
and was fitted to the valve and held to the rod by two 
small clamps, the bolts of which were locked. Then 
three holes were drilled in the steam-chest cover and 
tapped for 5@-in. bolts, which screwed in with a close 
fit, and the threads were filed off at the end. The bolts 
and their nuts were screwed in place after applying 
graphite to prevent rusting. Three pieces, each drilled 
with two %-in. end holes, were made, and a center one 
in which the end of the bolt was fitted and the end 
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FIGS. 1 TO 6. ILLUSTRATING REPAIR 
x. 1. Cylinder Drain Arrangement. Fig. 2. A Valve-Seat Repair. 
Joint Reinforced with Concrete. Fig. 5. Changed 


pin, and a convenient handle is attached to the rod which 
‘onnects both levers. The handle is guided by a ring 
that is held under a stud nut on the cylinder. To this 
ring is fastened a hook for holding the lever in the open 
position; or when moved in the opposite direction, the 
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JOBS THAT WERE DONE AT THE PLANT 
Fig. 3. Engine Adjustable Guide Arrangement. Fig. 4. Ll’ipe 
Water Turbine Nozzle. Fig. 6. Repaired Flywheel 


riveted over, but leaving it free to turn. Then a piece 
of 4x 1-in. iron was made nearly the full length of the 
valve movement. To this piece the little clamp-like 
pieces were secured with copper rivets and the riveted 
ends smoothed with a file. When all was assembled, the 
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engine was started slowly, feeding it fully with oil and 
a little graphite. Then the screws were so adjusted that 
the slide pieces just touched the guide. After having 
run for nearly two weeks, I opened the steam chest 
and found the surfaces in very good condition. We 
never experienced the least trouble, and the engine used 
about 30 per cent. less steam than before. After several 
weeks of service the screws were once more slightly 
readjusted. 

Fig. 4 shows how a troublesome elbow joint was made 
tight with reinforced concrete made 4 in. thick and 
placed around the flange. The only reinforcing at hand 
was barbed wire. The water pressure carried in the 
pipe was about 100 Ib. Some engineer had taken the 
angle at 30 deg., and upon assembling the 12-in. spiral 
riveted pipe line, it was found that the elbow did not fit. 
No amount of changing helped much, and a 1-in. open- 
ing resulted. A box was made to fit around the joint 
with about a 2-in. space between it and the metal and 
the wire secured under the bolts, making a netlike ap- 
pearance of the reinforcing. , 

When the box was nicely fitted, the cement was mixed 
thoroughly with clean, sharp sand in proportion of 1 to 
2, rather wet, and was then carefully tamped in place. A 
few pieces of broken stone were also used. The cement 
was kept wet for about two weeks before putting full 
pressure on this pipe. Remarkable as it may seem, this 
joint did not develop any cracks even when the 45-ft. 
bridge that supported the pipe line broke down and 
the joint had to withstand the weight of the pipe. 

Considerable delay was had during the dry season 
with water turbines that were used to drive a mill. Any 
considerable expense seemed inadvisable, but more 
power was necessary. I ascertained the power required 
for each machine and the amount of water available and 
then calculated the nozzle opening for full load at 82 
per cent. effective. Then, taking a piece of pipe one 
size larger than the required opening, it was heated and 
drawn out bell-shaped to fit the curve of the original 
wide nozzle, Fig 5. The opening formed in making 
the bell end was closed by brazing in a piece of metal. 
Holes were drilled in the old nozzle, and the new piece 
was set centrally in the nozzle and clay tamped_ all 
around. Then babbitt metal was cast to fill the space 
between the nozzles. This served so well that I made 
several sizes, so that we always have high-efficiency noz- 
zles. No governor or regulating is required on the 
units, as the gate valve is opened wide and as calculated 
for the full load the speed is very near constant. 

Fig. 6 shows a badly broken crusher flywheel, the 
result of a young engineer trying to force the wheel 
onto the shaft. [Even when hot the bore was _ ;},-in. 
less than the shaft. However, the experiment failed 
when the wheel was driven nearly one-half on. Then it 
stuck, and instead of dismantling the wheel they tried 
to drive it off with an iron battering ram and after a 

few hard blows the wheel broke. To wait for a new one 
was out of the question, so I strengthened the arms with 
tight-fitting 1%4-in. bolts. The one at A was secured 
against loosening by a 3@-in. screw, and the arm at B 
was secured by two pieces of 5@-in. flat iron shaped and 
secured as shown. Two %-in. holes, 4 in. center to 
center, were drilled in the arm, and corresponding holes 
were drilled in the two link pieces, but with 3; in. less 
center to center. They were then heated and two %-in. 
rivets were driven in hot. The spoke cracks at the hub 
were strengthened as shown at C and D. Then the bore 
of the wheel was made to fit the shaft when it was as- 
sembled on the shaft with two rings shrunk on the hub. 
This repaired wheel has been in service for seven years. 

La Paz, Honduras, C. A. Paut M. Wo tr. 
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Repairing Cracked Tube Sheets 


In a large manufacturing plant containing approx- 
imately one hundred boilers, of which a large percent 
age were of the vertical type, the steam demand had 
increased until it was necessary to run at high capacit: 
both night and day to hold the steam ; consequently eac! 
unit was kept on the line as long as possible and repairs 
were made only when absolutely necessary. 

These boilers were equipped with chain-grate stok- 
ers, and when cleaning fires the firemen often knocked 
a few brick from the top of the bridge-wall, which al- 
iowed the flame to sweep down on the bottom tube sheet, 
causing in many cases cracks to develop between the 
tube hole and the edge of the plate. At first these wer 
carefully chipped out and welded with fairly good suc- 
cess, but the strain of expanding the tubes often caused 


Plan Showing Location of Crack in Tube Sheet 

















HOW THE REINFORCING RING WAS WELDED TO THE 
TUBE SHEET 


the cracks to break out again, and they finally became 
so bad that they could no longer be welded satisfactorily. 

About that time the inspector representing the insur- 
ance company recommended that new tube sheets be 
installed, but the expense involved was so great as to 
be almost prohibitive. There was considerable discus- 
sion as to whether these boilers should be replaced with 
new ones, inasmuch as they were over twenty years 
old, but after carefully considering the existing condi- 
tions it was decided that the cracked sheets could be 
repaired by a method which was submitted to the chief 
inspector for approval and adopted. 

The tube hole was first reamed out on a taper from 
the top, then a ring was machined on the inside to slip 
over the tube easily, with the outside slightly tapered. 
This ring was driven into the tube hole from below and 
welded in place, the paper of the ring and hole leaving 
room between for filling, after which the crack was 
chipped and welded also. As the strain of expand- 
ing the tube then came on the ring instead of the sheet, 
no further trouble was experienced with the crack, and 
the sheet was practically as good as new, while the sa\ 
ing made by repairing in this manner the several boil- 
ers affected, over the cost of new sheéts, was over 
$30,000. -J. F. Turern. 
Pittsburgh, Penn. 
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Induction Generator for Small Water-Power Plants— 
What would be the advantages of an induction generator for a 
small water-power plant tied into a large electric system? 

S. ¥. B. 

The advantages would be simplicity and sturdiness of con- 
struction, small care for operation, requiring little more atten- 
tion than necessary lubrication, no requirement of exciter, auto- 
matic adaptation of electric load to the variable water power 
available, and no requirement of a waterwheel governor. 

Corrosion of Feed-Water Heater—What would cause 
rapid pitting of the shell of a closed exhaust-steam feed-water 
heater? '.. 

Galvanic action is likely to take place with some corrosion of 
the shell when the heater is provided with tubes and shell of 
different metals, and corrosion of the kind is intensified by 
either an acid or an alkaline feed water when the feed water is 
in contact with the shell. In any form of heater corrosion may 
be caused by acid feed water or induced by electrolysis due to 
stray electrical currents. 





Holes for Inspecting Thickness of Corrugated Furnaces 
—What means should be provided for inspecting the thickness 
of a corrugated furnace? ae 

For ascertaining the thickness of the material of a corru- 
gated or ribbed furnace by actual measurement, the furnace 
should be drilled for a %-in. pipe tap and fitted with a remov- 
able screw plug. For Brown and Purves furnaces boiler codes 
usually provide that the holes should be in the center of the 
second flat, and for Morrison and other similar types, in the 


center of the top corrugation, at least as far in as the first cor- 
rugation. 


Use of Flexible Coupling—Why is it necessary to employ 
a flexible coupling for direct connection of a motor and a cen- 
trifugal pump if both are mounted on the same baseplate? 

B. F. K. 

It is difficult to set the center of a centrifugal or other ma- 
chine in true alignment with the center line of a motor, and 
still more difficult to maintain that alignment on account of 
difference in wear of the bearings. Hence, to obtain good run- 
ning conditions when direct-connected, it is necessary to con- 
nect the motor to its load with a drag crank or some form of 
ccupling that will adjust itself to the difference of alignment 
during operation. 

More Uniform Pressure from Variable Boiler Pressure— 
We have a direct steam line from our 100-hp. return-tubular 
boiler to a small oven 60 ft. above the boiler, for which we 
Wish to supply steam at a constant pressure of 5 lb. gage. The 
hoiler pressure varies from 70 to 90 lb. The pressure-reducing 
valve placed near the oven does not operate as closely as we 
desire. Would it not be better to employ another valve in the 
hoiler room for reducing the pressure to about 40 Ib.? 

w..¢..&. 

The trouble probably is due to the wide variation of the initial 
pressure presented to the reducing valve, and there should be 
delivery of more uniform pressure from the present reducing 
valve by placing another reducing valve in the line at the boiler, 
set to reduce the boiler pressure to an intermediate pressure as 
Proposed. 





Number of Cubic Yards in Block of Concrete—How 
many cubic yards of concrete are contained in an engine 
foundation 4 ft. x 12 ft. at the top, 6 ft. x 14 ft. at the base 
and 5 ft. 6 in. deep, with sides and ends battered? H. W. G. 

Taking all dimensions in feet, the content in cubic feet is 
given by the prismoidal formula: 

Number of cu.ft. = (area of top + area of base + 4 times 
sectional area at mid depth) +6 X total depth. 

The area of the top would be 4 X 12 = 48 sq.ft., and that 
of the base would be 6 X 14 = 84 sq.ft. The section at mid- 
4+6 12+ 14, ; 

a See or 5 ft. X 13 ft. and the 


area of the mid-depth section would be 65 sq.ft. Substituting 


these values and 5.5 ft. for total depth, the prismoidal for- 
mula gives, 





depth would be 


48-+-84-++- (465) . ¥ ; 
Number of cu.ft. = X 5.5 = 359.33 cu.ft., or 


6 
359.33 = 27 = 13.31 cu.vd. 


Determining Thickness of ‘ei in Boiler Shell-—-W hat 
formula or calculation would be used in computing the thick- 
ness of the metal at the center of a bag in a boiler shell? 

J. W. M. 

Without making actual measurements inside and outside of 
the bag, its form and the manner in which the original thick- 
ness is reduced are matters of speculation. But if it is as- 
sumed that there is a uniform reduction of thickness from 
the periphery to the center of the bag, the thickness at the 
center will be approximately twice the original thickness mul- 
tiplied by the length of the bag taken in a straight line, divided 
by the curved length, less the original thickness of the shell. 
It may usually be taken for granted that the thinnest metal 
will be at the point where the greatest bulge has occurred. The 
proper method of determining the thickness is to make the 
measurement with a hook gage inserted through a hole drilled 
through the bag. Such a hole would be made for swaging the 
bag out of the sheet and, whether or not that is done, a hole 
thus made afterward may be filled with a rivet. 





Compression Regulating Valves of Duplex Pump—What 
is the purpose of compression valves of a on steam pump 
and how are they connected? BG. 

In ordinary duplex steam pumps, at each mil of the steam 
cylinders, the opening of the exhaust passage into the cylinder 
wall is farther from the end of the cylinder than the opening 
of the steam passage. The latter usually is at the very end of 
the cylinder bore or wholly or partly in the cylinder head. 
Compression of exhaust steam is effected by the piston cover- 
ing the exhaust passage before the exhaust stroke has been 
completed. Should the piston cushion too heavily, the com- 
pression can be reduced by opening a valve in a connection 
made between the end of the cylinder and the exhaust passage 
or, as commonly done, by regulation of a valve that controls 
the amount of opening of an aperture in the partition between 
the steam and exhaust passages. When the main valve shifts 
for reversing the pump, the exhaust port is covered at the same 
time the steam port is uncovered, so that during the return 
stroke of the piston the escape of live steam past the com- 
pression-regulating valves is as effectually prevented as from 
the cylinder itself. 
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Design of Railway Stationary Plants’ 


power rating cannot economically use water-tube boilers. 

The horizontal return-tubular boiler is best adapted for 
railroad stationary service in such plants. It is comparatively 
low in first cost, easy to operate and maintain, and in small 
plants is an economical steam producer when installed with 
a properly designed furnace. 

These boilers should be suspended from lugs rather than sct 
on them, the longitudinal seams should come well above the 
fire line, and transverse seams should be kept well back on 
the bridge-wall. The units should be of such a size as to 
give flexibility and economy. The 72-in. x 18-ft. horizontal 
return-tubular boiler of 150-hp. rating meets all these require- 
ments, but only if provided with a good setting. It should be 
set not less than 42 in. above the grates, and a combustion 
chamber built large enough to burn the gases. The bridge-wall 
should be built with at least 14 in. clearance between it and 
the shell of the boiler, and built vertically downward to the 
combustion-chamber floor. The back wall should be at least 
3 ft. from the end of the boiler, so as to allow plenty of room 
for the gases and for the workman when the boiler has to be 
reflued. 

The flat suspended tile arch over the back end has given 
vest satisfaction, as it relieves the side and back walls of out- 
ward thrust, which is common to the old arched type of con- 
struction. About 1% in. clearance should be allowed between 
the arch and the rear end of the boiler when setting up, and 
this space filled with loose asbestos. 

Suild the side walls with plenty of clearance up to the 
closing-in point (2 in. above the top surface of the top rows 
of the flues), so that every square inch of water-heating 
surface will be effective. Put on a good cast-iron flush front 
and stay the setting with a few buck-stays and through-rods. 
Cover the brickwork with a plastic material that will retain 
its plastic properties under the action of heat. 


A NY plant having a capacity less than 1500 boiler horse- 


MECHANICAL Soot BLowers ARE FAvoreED 


Owing to the disagreeable task of keeping the boilers free 
from soot by means of the hand lance, and because on this 
account the work is not efficiently or frequently done, mechan- 
ical soot blowers are favored. Although the rear-end blower 
cleans the tubes by blowing with the draft, the temperature 
at the back end of the boiler is so high that it will burn out 
in time, and the boiler has to be shut down to repair it. On the 
other hand the front-end blower can be installed much nearer 
the flues, and the temperature at this point should be suf- 
ficiently low to avoid burning out the blower, and in case of 
trouble it is not necessary to shut down the boiler to make 
repairs. When installing mechanical blowers it is essential 
that the drain valve be placed after the main shutoff valve to 
be assured that no water is blown upon the flues. 

Some success has been obtained by bricking up the com- 
bustion-chamber clean-out doors. The brick can be torn out 
easily at each cleaning of the combustion chamber and replaced 
with little expense, while interleakage of air is prevented, a 
uniform brick wall is presented to the impact of the gases, and 
they are not cooled by radiation through a cast-iron door. 
Boilers should never be set more than two in a battery, as 
division walls are always a point of trouble and expense to 
keep up. 

Where the load requirements do not exceed 20 to 100 boiler- 
horsepower, a locomotive-type boiler or a vertical boiler may 
be used. Plenty of ashpit space should be provided to give 
room for the admission of air and provide storage space for 
a few hours’ run of ashes. More grates and mud rings have 
been burned out because the ashes piled up against them, par- 
ticularly on vertical boilers, than for any other reason. All 
boilers of these types should be properly lagged with good 
insulating material. It is estimated that for every 100 sq.ft. 
of radiating surface 260 lb. of coal can be saved every 24 
hours by lagging with 1-in. thickness of magnesia. A 48-in. 
vertical boiler has about 100 sq.ft. of radiating surface, and a 
36-in. vertical boiler about 65 sq.ft. of radiating surface. 


*Excerpts from report of Committee on Railroad Stationary Power 


Plants at eleventh annual convention of the Association of Railway Elec 
trical Engineers 


Unfortunately, in hand-fired railroad stationary plants the 
design of the furnaces cannot be arranged for a particula; 
kind of coal, but installations must be such as to burn wit! 
average economy any kind of coal that is delivered. This ca: 
be accomplished by setting the boilers high, building a roon 
combustion chamber and installing suitable grates. 

There are on the market today many different kinds of grat« 
good, bad, and indifferent. A grate is merely a rack to ho! 
the coal during combustion. Necessarily, when the coal is 
burned the ash and residue must be cleaned from the grat: 
and further, the grate must allow the proper amount of ai: 
to pass up through it to continue the process of combustion 
The air spaces must be small enough to prevent the dropping 
through of fine and yet not become clogged up with clinke: 
and ashes. The grate must be of such a design that the main 
tenance cost will be low, and repairs easy to make. Man) 
experienced stationary firemen do not like a dumping grate, 
as they would rather clean the fires through the fire-door. 
rocking grate is to be recommended provided the grate bars 
do not lift far enough up into the fuel bed to tear it up and 


mix the ash and coal together, which is bound to give trouble 
from clinkering. 


STEEL Stacks Best FoR SMALL PLANTS 


Steel stacks for the smaller-sized plants are a better in 
vestment than either a brick or concrete stack. There is much 
in favor of separate steel stacks for each boiler or for each 
battery of two boilers. In general it might be said that for 
plants having more than six boilers, it would be good design 
to use a common stack. In any case the stacks should be of 
sufficient height, for it is easier to reduce the draft with a 
damper than it is to increase it with a steam blower. Each 
boiler should be equipped with a damper and a device for 
controlling the damper, which latter need not be complicated 

In considering boiler fittings and pipings, it would be well 
to make all installations conform to the A. S. M. E. code, as 
sooner or later it will be adopted generally. Since service is 
of first consideration, the first cost of the fitting should not 
be given too much weight in the selection. Valves that are 
easily repaired and give the best service for all conditions 
should be selected, but usually such equipment is not the 
cheapest in first cost. 

Boiler nozzles should be connected to steam headers by steam 
loops of easy bends and should enter the header at the top 
Steam lines taken from the headers at various points of dis 
tribution should also connect to the header at the top with a 
loop of easy curvature. Blowoff valves should consist of a 
good grade of extra-heavy cast iron, or cast steel. Two valves 
in series should always be used for blowoff service. 


OpeN-Type FEEp-WaATER HEATERS 


Open-type feed-water heaters should be used, as this type 
is easy to operate and maintain. The steam and water are 
brought into intimate contact, and the steam is condensed and 
pumped back to the boilers, so that the amount of scale-form 
ing compounds is reduced. Excess of pressure in the heater 
can be taken care of by an overflow loop or a U-pipe bend 
connected to the heater at the overflow level. It extends 
vertically downward for six or eight feet, turning upward again 
to the overflow level, and then downward to discharge into 
sewer connection. A vent at the top of the second bend is 
necessary to prevent the loop siphoning all of the water out 
of the heater. To overcome difficulties with trapped air a 
¥%4-in. or 1-in. pipe should be run directly out of the top of the 
heater and extended through the roof, with no valves or 
chances for water-pockets. 

Besides the cold-water supply, provision should be made t 
take the discharge from steam traps, vacuum pumps and coo! 
ing water from the air compressors into the heater. Every bi! 
of condensed steam returned to the boilers reduces boiler 
washing costs, and efforts should always be made to return 
all drips and drains to the heater. 

Steam economy in boiler-feed pumps is a questionable saving 
in any railroad plant. The old duplex pump is always reliabl: 
and understood by everyone, and so far as plunger pumps for 
boiler feeding are concerned, the duplex is to be recommended 
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he ideal boiler feed is the centrifugal pump, which will some 
lay entirely supersede the plunger pump for many classes of 
service. 

The most economical coal-handling system for plants of this 
ize is an overhead track, using dump-bottom cars discharging 
ato a storage bin. The floor of the storage bin should be 
inclined so as to deliver the coal to the fireman in front of 
the boilers, without rehandling. In plants under 500-hp. rating, 
he wheelbarrow is about the most efficient ash-handling sys- 
tem. Steam-jet ash-handling systems may be considered in 
plants of greater capacity. 

Air compressors for this size of plant should be of the two- 
stage engine-driven type. For compressors of 2000 cu.ft. ca- 
pacity or over, the compound steam end is recommended. 

Electrical generating equipment may be either reciprocating- 
engine-driven or steam-turbine-driven. For a railroad plant 
the low maintenance cost on turbines and the large amount of 
exhaust steam required for the winter heating season makes 
the high steam consumption of small turbines an advantage 
rather than otherwise. Where the generation is direct cur- 
rent, 250 volts should be used,-and when alternating current, 
440 volts three-phase is preferable. Alternating-current genera- 
tion is recommended. The amount of direct current required 
is easily obtained through motor-generator sets. 

An exhaust heating system is one of the most important 
ind economical parts of those stationary plants that are located 
n the central and northern territories. It is the one excuse 
‘or railroads generating their own power, even when a very 
ittractive rate for power may be offered by central power sta- 
tions. When included in the steam-using equipment, it raises 
the efficiency from 8 to 80 per cent., although when improperly 
installed or maintained it can become the source of more 
trouble and loss than anything else on the road. A _ well- 
lesigned exhaust-steam heating system will not require more 
than two to three pounds back pressure to operate, and will 
return condensed water to the boilers to the extent of over 
50 per cent. of the total water required. It is well to bring 
the returns back to the power plant separately from each de- 
partment so that trouble can be located quickly. All exhaust 
available should be discharged into the exhaust header. It 
has even been found that the vent pipe from the washout 
system can be connected to the exhaust header through reduc- 
ing valves to good advantage. Vacuum pumps should be large 
enough to take care of the coldest season and should always 
be installed in duplicate. 


LagBor-SAVING DEVICES 


\ plant over 1500 boiler-horsepower rating can well afford 
the overhead cost of labor-saving devices, and some of the 
more refined power-plant equipment. The boilers should be of 
the improved safety water-tube type, of such size as to be 
Nexible and yet sufficiently large to keep the idle investment 
harge down to a minimum. For the average heavy back-shop 
plant, the units should be of 200 to 350 rated boiler-horsepower 
ipacity. Only the best material and workmen should be em- 
ploved in the building of the boiler settings, as a poorly built 
system means serious losses in operation. If space is desired 
between the firebrick and common brick to allow for expan- 
sion, fill up the space with crushed cinders, front end cinders, 
sand or other insulation. After the setting is built, it should 

‘ entirely covered with a plastic cement or other material that 
will remain plastic under temperatures to which the setting 
s subjected, and against time. 

With this type of installation the question of soot blowers 
ias not been satisfactorily answered. In plants of the size 
ndicated usually, the force is large enough to keep the tubes 

ll cleaned by the hand lance, and the supervision is sufficient 
‘> see that the tubes are kept cleaned. 

Stokers are one of the labor-saving devices that a plant of 

\00-hp, and over can well afford. The available coal supply 

ll fix to a great extent the style of stoker. However, the 

iin or traveling grate seems to be well adapted to the 
Middle West territory, and has given good satisfaction in a 

ree number of railroad plants. It is easy to operate and 


pair, and when the units are of such size as to give flexibility 
operation, the inflexibility of the traveling grate is over- 
‘alanced by its advantages. 
To supply draft, a well-built stack is always a good invest- 
Each boiler 


rent, as it can be depended upon at all times. 
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should be provided with a damper in the connection to the 
stack or the breeching, so that the boiler can be easily drafted 
for all conditions of load. These dampers should be provided 
with damper control that can be easily operated from the firing 
floor. Coal should flow to the stokers from overhead storage 
bunkers to which it is delivered from the railway car by either 
an overhead crane or a traveling bucket conveyor; with the 
latter the same conveyor can be used for disposing of the 
ashes. The ashpit should be located in the floor below the 
fireroom and should be of sufficient capacity to run at least 
twelve hours without cleaning. Other features of the plant 
have been covered in the discussion on the smaller station. 


Fuel-Oil Shortage 


Large refining companies are refusing to take any additional 
fuel-oil business. This is due to conditions in Mexico and 
shortage of transportation facilities, both ocean and land. 

Oil production in Mexico, says the Boston News Bureau, 
which supplies most of the fuel oil, has been curtailed by the 
appearance of salt water in two of the large producing fields, 
necessitating the closing down of a number of wells. This 
situation could be corrected in time by bringing in new wells 
in other fields, were it not for the fact that the Carranza 
government has forced the cessation of drilling operations. 

Delay in the delivery of steel for tank steamer and tank 
car construction is the reason attributed for the absence of 
adequate transportation facilities. One of the large inde- 
pendent companies has 150 tank cars on order on which de 
liveries should have been made two months ago. 

This situation will undoubtedly operate against installation 
of oil-burning apparatus in the large buildings in New York 
City, which is now permissible under regulations approved by 
the Bureau of Standards and Appeals. Several of the large 
hotels and office buildings have signified their intention of 
going ahead with the change of their apparatus. 

All large companies say they will be able to make deliveries 
on their present contracts. This means there is not likely to 
be any interruption to fuel-oil supply for oil-burning ships 
and manufacturing plants in New England and other districts 
which now have contracts. 


New Spanish Hydro-Electric Plant 


The construction of a hydro-electric plant for the develop- 
ment of 7,000 hp. has been started by the Campafifa Anénima 
Mengemor de Electricidad on the Guadalquivir River at Carpio, 
Province of Cordoba in Southern Spain. 

The dam which is being started is expected tu maintain a 
head of from 58 to 67 ft., from which can be obtained a 
minimum of 7,000 hp. of electrical energy. Three turbines of 
3,500 hp. each will be installed. It is planned to connect these 
direct to three 3,000-volt three-phase 50-cycle generators. This 
voltage will be raised to 25,000 and 30,000 for transmission. 

It is estimated that the construction will require over a year 
for completion. The Spanish engineer, Sr. Carlos Mendoza, is 
chief engineer of the project. 

This is one of a number of such projects that are being 

planned along the Guadalquivir River. From the City of 
Cordoba, situated about twenty miles below this undertaking, 
to the City of Sevilla navigation and hydro-clectric develop 
ments on a large scale are being investigated hy the Spanish 
vovernment. 
The Central Committee of France has set forth striking 
figures of destruction by the Germans during the war period 
as relating to coal mines. Two hundred and twenty pits or 
shafts have been rendered unusable for several All 
surface installations had been destroyed in detail. An annual 
production of more than 20,000,000 tons of 50 per cent pro 
duction has been, temporarily at least, lost to the country, 
and a working population of 100,000 people have been re 
duced to unemployment and they and their homeless families 
to extreme poverty. Material damages equal to at least 
2,000,000,000 francs (on pre-war exchange basis $400,000,000 ) 
have been done. This is without counting the loss to France 
of 100,000,000 tons of production, including byproducts, in the 
five years of occupancy of the field by the Germans. So 
France today pays heavily for coal it must use 


years 
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Standard Lubricating Oil Systems for 
Geared Turbines’ 


3y J. EMILE SCHMELTZER anp B. G. FERNALD 


RIOR to July 1, 1918, vessels propelled by geared turbines 
P which had been designed and constructed for private 

owners had been delivered under requisition to the 
United States Shipping Board Emergency Fleet Corporation. 

As operating troubles with geared propelling turbines were 
already being reported to an extent considered abnormal, and 
as many of these troubles were being attributed to faulty oper- 
ation or failure of the lubricating oil system (in most in- 
stances the oiling system was not furnished by the builder of 
the turbine, but by the shipbuilder), it was decided to study 
all the oiling systems in use on American ships, and either to 
adopt or develop a standard oiling system for use on all geared 
turbine vessels then under construction or to be built by the 
U. S. Shipping Board Emergency Fleet Corporation. 

A very small percentage of American marine engineers had 
had any previous cperating experience with direct-connected 
marine turbines, and a negligible number had ever operated 
double reduction geared turbines, the type with which most 
of the vessels under construction were equipped. 

It appeared that a standardized system would materially 
simplify the instruction of the new engineers. Lack of stand- 
ardization, moreover, would have caused accidents and confu- 
sion, even with experienced engineers, as it was frequently 
necessary for engineering crews to go to sea on new vessels 
without first giving them time to familiarize themselves with 
the different piping systems on the vessels. 

As a consequence of solicited criticisms, a revision of the 
system substantially according with the majority of the recom- 
mendations was made, and submitted again to a number of 
eminent marine engineers, and the final revised system adopted 
as a standard for vessels of the Emergency Fleet Corporation. 


Coolers—Nearly all of the oil coolers previously used were 
inadequate to transfer the required number of British thermal 
units, which amounted in a number of instances to 10 per 
cent. of the propelling turbine horsepower. This was partly due 
to the fact that the reduction-gear manufacturers had overrated 
the efficiency of their reduction gears. 

As a precautionary measure, it was considered essential that 
an auxiliary cooler be provided so that the oil could be cooled 
by one cooler in the event of the other being rendered in- 
operative by leaky tubes or other causes. The auxiliary cooler 
was also used in parallel with the main cooler when operating 
in tropical waters, where a cooling water temperature of 84 
degrees or higher obtained. The technical order specified a 
20-degree drop in oil temperature, and, while it was realized 
that the cooler would not be called upon to equal this temper- 
ature drop under normal running conditions, still this size of 
cooler provided for a considerable drop in the efficiency of 
the cooler, due to the fact that the tubes would in time be- 
come covered with a deposit which would materially decrease 
the efficiency as compared with a clean one. 

Results obtained in operation have demonstrated that the 
size of cooler specified satisfies average operating conditions. 

Gravity Tanks, Size and Location of—During the time the 
designs of the new system were in the course of preparation, 
one manufacturer claimed that it was necessary to have 12 
lb. oil pressure on the turbine bearings and gear oiling devices 
on equipment manufactured by them, and still another used 
spray nozzles of such size as to make it almost impossible to 
maintain a higher pressure than 4 or 5 Ib. The rest of the 
builders’ requirements averaged about 10 lb. pressure at the 
oil manifold. 

Due to the above facts, and based on the assumption that it 
was best to satisfy the higher pressure requirements, and also 
owing to the fact that all of the vessels on which installation 
of the system was contemplated would permit of the location, 
it was specified that the gravity tanks be located at a height 

“Abstract of a paper read at the twenty-seventh general meeting of 


the Society of Naval Architects and Marine Engineers, held in New 
York, November, 1919. 
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of 30 ft. above center line of turbine in the engine-roon 
casing. This location of the gravity tank has proved satis- 
factory in service, and no trouble has been experienced in 
securing the required pressure. 

The size of the gravity tank, which is of 600 gal. capacity. 
was based on having three or four minutes reserve supply of 
oil available for the gears in the event of the oil supply to the 
gravity tanks being interrupted. This, it was thought, would 
provide sufficient time for action on the part of the operating 
personnel. 


Kingsbury Thrust Bearing—Inasmuch as, on most of the 
various types of turbines purchased by the U. S. Shipping 
Board, the Kingsbury or similar type of thrust bearing is 
used, it is essential that there be a constant supply of cool, 
clean oil. Failure or interruption of the supply has caused 
the thrust bearing to burn out on several occasions, with con- 
sequent serious damage to the turbine. 

This same type of thrust bearing was employed in the ma- 
jority of cases for the main propelling shaft thrust, and there- 
fore the same necessity for cool, clean oil obtained in this 
case. 


Strainers—As a precautionary measure against sabotage, a 
twin suction strainer having a coarse mesh strainer basket was 
installed, but eventually omitted in the revised specifications 
at the end of the war. 

A strainer having approximately 1/64-in. mesh was placed 
in the discharge line, and this is considered sufficient to re- 
move all sediment incidental to ordinary operation after the 
system has been thoroughly cleaned before the trial trip as 
specified. 


Filters and Separators—While all of the filters and separa- 
tors specified are satisfactory for the purpose, it is considered 
that the results obtained from the centrifugal type of separator 
show greater efficiency, inasmuch as the oil, water and sed- 
iment are separated—the oil flowing from one nozzle, the 
water from another, the overflow mixture from another, and 
the sediment remaining in the bowl, from which it may be 
removed at will. Tests made at Annapolis prove that the 
rolling or pitching of a vessel will have no ill effects on its 
successful operation. 


Alarm Systems—An electric alarm system actuated by a 
float switch, connected to the gravity tanks was provided (and 
since omitted), which would notify the chief engineer in his 
room and the engineer officer on watch, by means of an elec- 
tric gong, that the oil level had dropped below normal oper- 
ating level. This system, which was so designed as to not 
only give the necessary notification in case of oil level becom- 
ing low, but also to automatically increase the speed of the 
pumps, was later omitted, due to a desire to reduce the cost 
of the installation rather than because of any belief in a lack 
of necessity for it. 


Drain Tank—The capacity of the oil drain tank was re- 
quired to be from 800 to 1000 gal. for a 3000-hp. double-reduc- 
tion gear turbine unit. 

It was found that most of the drain tanks supplied at the 
time this system was originated were too small, and resulted 
in the pumps becoming vapor bound. In most cases of this 
kind, and also where the suction lift of the pump was high, 
the oil became dark in color. Oil experts who were consulted 
advised that the mixture of air with hot oil frequently re- 
sulted in the presence of sulphurous acid (H:SOs;) in the oil 
For this reason, the drain tanks were made sufficiently large 


and the pumps placed as low as possible to insure a short 
suction lift. 


Pumps—While vertical pumps are more desirable for the 
purpose of securing low suction lift, it was not possible to 
procure them in the quantities required. Horizontal pumps 
were therefore used more extensively. 
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Oils—Originally an oil having a viscosity of 300 sec. (Say- 
bolt) at 100 deg. F. was specified, but later this was changed 
to 500 sec. viscosity. This latter viscosity was found to suit 
conditions better because the high-speed bearings demand oil 
having a low viscosity and the gears and slow-speed bearings 
a high viscosity oil. Inasmuch as two separate systems could 
not be considered on account of their cost, and due to the 
fact that oils ranging from 300 to 700 viscosity at 100 deg. 
have practically the same viscosity at temperatures above 140 
deg., and also based on operating results, it was considered 
that the higher viscosity was more desirable. 

The results obtained from the system in service have been 
very gratifying and show that the sizes of equipment specified 
were in keeping with the requirements, and it is believed that 
a system of lesser magnitude than that specified would en- 
danger the successful operation of a double reduction gear 
turbine unit of 3000 hp. 

There is no doubt that an adequate lubricating oil system 
is essential to the successful operation of the geared turbine, 
and while its maintenance cost is small, the consumption of 
oil through leaks and other scurces amounting to about half 
a barrel per month, the first cost of installing such a system 
is high. It is believed, however, that an increase in efficiency 
will be obtained in the reduction gears of the future, which 
will permit of a considerable reduction in the size, and conse- 


quently the cost of the lubricating oil system. 


Lubricating Oils—Extended experience with various oils 
has shown the necessity of using a heavy oil to protect the 
low-speed train of double reduction gears against pitting and 
other deterioration. Heavy oils, however, are not well suited 
for high-speed bearings, particularly where the clearance be- 
tween bearings and journals is small, and will produce high 
bearing temperature and increase the friction loss. As it is 
not practicable to use either oils of two different viscosities 
in the same system, or to install separate systems for the 
gears and bearings, the only practical compromise is to in- 
crease the viscosity as much as possible without heating the 
pinion and turbine bearing. The viscosity of the oil at the 
point of entering the bearings can be controlled over a wide 
range by regulating the amount of water supplied to the oil 
coolers. 

In the tropics, it may be necessary to use both coolers to 
keep the temperature down, and in northern waters, in the 
winter, it may be necessary to throttle the water supply to the 
coolers or cut it out entirely. 

The general rule is to keep the oil as cool as possible with- 
out overheating the high-speed pinion bearings, paying also 
special attention to the bearing and thrust at the forward end 


of turbines. 


The temperature may rise to and operate at 160 deg. F. 
without danger, with a good supply of oil and careful 
watching. 

It cannot be too clearly emphasized how necessary it is to 
keep the oil pure and clear of water, by using the test cocks 
provided to denote its presence, by consistently heating and 
settling oil when the presence of water has been detected, and 
by keeping the oil pressure at coolers at all times above water 
pressure. Every opportunity should be taken to remove all 
sediment from the oil both by heating and settling, and 
strainer baskets should always be kept clean and filter cloths 
regularly renewed. If this is systematically carried out, the 
vil should last and remain perfectly lubricant indefinitely and 
make-up oil reduced to minimum. 

By agreement with the Division of Operations, the follow- 


ing revised list of approved oils has been adopted for use on 
all installations: 


Viscosity 

Brand. Maker. of 100° F. 
D. T. E. extra heavy Vacuum Oil Co. 525 
Calol extra heavy Standard Oil Co. of Cal. 700 
Ursa Texas Company 750 
Algol Texas Company 510 


These brands have been selected with reference to distribu- 
tion facilities of the manufacturers, as well as suitability of 
the oil. 

Should other oils be approved from time to time after 
satisfactorily passing the required tests and after having 
proved by actual operations that they are suitable for the pur- 
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pose intended, they will be added to the above list and all 
concerned will be duly notified. ‘ 

Under ordinary conditions, the viscosity should be main- 
tained at 450 sec. to 500 sec. Saybolt by keeping the tempera- 
ture of the oil leaving the cooler at the figures shown below, 
and which are for 450 sec. and 500 sec. Saybolt viscosity re- 
spectively for the different brands. . 


Approx- Approx- 
Saybolt imate Saybolt imate 
Brand viscosity degrees F. viscosity degrees F. 
Seconds Seconds 

D. T. E. extra heavy.. 500 102 450 106 
Calol extra heavy...... 500 110 450 113 
an ueitiiebsiiekgerhase ke 500 111 450 114 
BD cp Sicek ude sanaiedisl 500 101 450 104 


Air Pumps for Condensing Equipment* 


By Frank R. WHEELER 
During the last few years changes in power-plant equipment 
have resulted in improved condensing apparatus which will 
maintain a vacuum of 29.5 in. referred to a 30-in. barometer, 
under proper operating conditions and with proper water 
temperature. This improvement is primarily due to the better 
design of air pumps and to the radical changes and innova- 


_tions that have been introduced since 1914. si 


Condenser air pumps may be divided into two general 
classes, displacement pumps and impulse pumps. The former 
may further be divided between wet vacuum pumps, handling 
both the liquid and gas, and dry vacuum pumps, handling only 
gases. The impulse pumps may be classified as rotary or 
hurling-water pumps, and as ejectors, while the ejectors may 
be still further classified as water ejectors and steam ejectors. 

Wet air pumps have proved their merits for more purposes 
and duties than is often realized and are today in many cases 
to be recommended and installed with a clear conscience. Im- 
provements have been made in the better-known pumps of 
this type so that volumetric efficiencies have been materially 
improved and power consumption reduced. Succeeding the 
original bucket type with three valve decks, the Edwards air 
pump, the principle of which was described in 1845 by Bodmer, 
was introduced in 1900 by C. H. Wheeler and is in general 
the best-known pump of the wet vacuum type. The horizontal 
valveless pump has also been developed. On account of the 
distinct advantages of this type and particularly where the 
pump drive is combined with the circulating-water pump, the 
writer feels that the merits of these improved old-time de- 
signs are often overlooked, especially for units up to 1500 
kilowatts. 

Later the dry vacuum pump made with small clearances and 
handling air only, appeared, and this type has the same gen- 
eral advantages as the wet pump but with better volumetric 
efficiencies. Except for its complications, the number of mov- 
ing parts, maintenance, size, etc., its use cannot be criticized. 
The increase in the size of turbines coming into general use, 
together with the continuous demand for higher vacuum, 
calls for dry air pumps of cumbersome size and excessive 
power, and the solution of this problem seems to point to an 
ejector air pump of some form. 


Tue Hyprautic-ENTRAINMENT AiR Pump 

In 1862 Christian Schiels, of Oldham, England, invented a 
hydraulic-entrainment air pump, which expelled the air from 
a condenser by combining or entraining it with hurling water 
in its passage through a fan or centrifugal pump. The neces- 
sary water pressure was provided by means of a high-speed 
rotary device. This, together with the relatively small space 
required and the ability to maintain a high vacuum, are such 
desirable features that when the demand had exceeded the 
limitations of the dry air pump, development came very rapidly. 

The other type of hydraulic-entrainment air pump is that in 
which the entrainment or compression of the air is performed 
in part of the apparatus entirely separate from that producing 
the pressure of the hurling or entraining water. These pumps 
follow the simple ejector principle using single or multiple 
jets of water discharging into a combining cone or diffuser 
end entraining the air due to the high velocity of the water 


* Abstract from a paper presented at the Annual Meeting of the 
American Society of Mechanical Engineers, New York, December, 1919. 
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jet. The Koerting ejector is the best known of this type, the 
water being supplied from an exterior source and forced 
through a number of nozzles into a combining cone or diffuser. 

In general, the power required by a hydraulic-entrainment 
air pump is 40 per cent. greater than that for a rotary dry air 
pump of the same relative capacity, and the air handling is 
subjected to strict limitations at moderate vacuums; conse- 
quently it cannot be counted on for overloads or unusual de- 
mands. The former is due to the power required to move the 
necessary hurling water against a discharge head, and the 
latter to the limiting weight of air that can be entrained by a 
quantity of water. The volumetric efficiency of the dry air 
pump falls off rapidly at high vacuum, owing to the rarefied 
air to be handled in a fixed cylinder volume, through fixed 
port areas, and to the detrimental effect of even the smallest 
clearances. The hydraulic pump is not so seriously affected; 
in fact, it improves in capacity at high vacuum. 

The hydraulic-entrainment type of pump has given satis- 
faction in removing air and vapors from the condensing cham- 
ber and in maintaining as low a pressure as is consistent with 
circulating-water temperature. On account of the simplicity 
of the apparatus when compared with the rotary vacuum air 
pump, the admitted high power consumption has been accepted 
as a necessary evil, as has the difficulty of erosion. 

The steam-ejector principle is an old one, but for high- 
vaguum service the ejector pump has not been in general com- 
mercial use in this country until the last three years, but it is’ 
now a definite engineering and commercial success. The rea- 
son for its adoption may be considered by reviewing the ad- 
vantages claimed for it; namely, extreme simplicity, no main- 
tenance or attention, reliability and flexibility, stability, min- 
imum space and waste, low steam consumption with high 
efficiency. The first advantage enumerated, simplicity, while 
the most important, may be passed over as obvious. The sec- 
ond advantage results from the fact that there are no moving 
parts to wear out. The parts subjected to wear are steam 
nozzles and diffusers, and the medium used is the same as 
employed in the turbine; therefore the life of the pump, so 
far as its wearing qualities are concerned, should be as long 
as that of the nozzles of the turbine in service. Because there 
are no moving parts to oil or adjust, the only attention re- 
quired is that of opening and closing valves controlling the 
pump. 


MAKING PROVISIONS FOR LEAKAGES 


As is well known, the air leakage varies greatly and pro- 
vision must be made for leakages largely in excess of those 
expected with good operation. With other types of air pumps 
that are now being considered, it is usual to provide a pump 
large enough for maximum requirements and to operate it at 
reduced speed or displacement. With the ejector type, on 
account of its small size, weight and space requirement, the 
total estimated air-removal capacity can be provided by two 
or more units, one or more of which can be operated as re- 
quired, thereby providing maximum efficiency and insurance 
against a shutdown. 

As to stability, sufficient evidence in the form of test data 
is at hand to uphold this claim. The advantages in the line 
of space and weight are obvious. 

The sixth claim requires the most consideration because 
it leads the list of disadvantages put forth by the few who 
have opposed the use of ejectors. Based on wasting all the 
steam used by the air pump, it is freely admitted that the 
ejector requires more steam than the rotary dry vacuum or 
wet vacuum pump. If there is a case where all the steam 
used by the air pump cannot be used in heating feed water, 
intercondensers can be used between the stages, resulting in a 
steam requirement less than that of the rotary dry vacuum 
or wet air pump. Excepting for the heat loss in radiation, 
the whole of the heat in the steam is available for heating 
boiler-feed water, and this arrangement will give a satisfac- 
tory heat balance. As a general rule plants for ordinary size 
ejectors without intercondensers require less than 1 per cent. 
of the total steam consumption for surface condensers and 
from 2% to 3 per cent. for jet condensers. For intercon- 
denser ejectors the percentages are approximately one-half 
this value. 

The selection of air-pump capacity and size has always been 
shrouded with considerable mystery, and the methods to em- 
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ploy should be given more publicity. Air is admitted in: 
the condensing chamber in three ways: First, from leaks int 
the system under vacuum; second, from air entrained in th- 
boiler-feed water and carried over with the steam; and thirc 
from entrained air in the ejection water, the third source o' 
course being limited to jet or barometric condensers. Th: 
earliest methods of selecting air-pump capacity assumed th:: 
the displacement of the pump should be a function of the low 
pressure engine cylinder displacement. Later, the rule mak 
ing the displacement a function of the volume of condense 
steam was generally used and proved to be satisfactory. Th. 
introduction of the ejector pumps required that some other 
method of selection be used. 

For a number of years experiments and investigations hay 
been made on the effect of air leakage on vacuum, heat trans 
fer and so forth, all of which have indicated that the presenc: 
of only a small amount of air has a very detrimental effec: 
This caused large operators to introduce periodic tests of their 
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condensers for air leakage. These tests showed some unex- 
pected results—that a 30,000-kw. unit need not necessarily 
have a greater air leakage than a 20,000-kw. unit, and that 
it was possible to keep air leakage to extremely low quantity, 
depending on the care exercised in installing the condensing 
equipment and on the care in operation, or rather the willing- 
ness of the operating engineers to go after small leaks. 

The purchaser of condensing equipment insists that the man- 
ufacturer guarantee the vacuum, but with his inquiry in which 
he certifies the amount of steam to be condensed, water tem- 
perature and so forth, he neglects to state how much air shal! 
be allowed to leak into the system. [For this reason the con- 
denser manufacturer is compelled to do a great deal of “edu- 
cated guessing.” It may be assumed that the amount of air t 
be handled is a function of the quantity of steam condensed 
In arriving at our figures, however, there are some very wn- 
certain factors to be taken into consideration. Shall we as- 
sume the best operation possible or the operation of a shift- 
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ess attendant satisfied with a spring gage? Inasmuch as the 
manufacturer is interested in the prosperity of his customer, 
ie assumes the former, and to be sure of his own guarantee, 
provides for the latter. 

Based on a tight system and first-class operation, the amount 
f dry air leakage to be expected from the condensing equip- 
nent is shown in the accompanying curve. It should be noted 
that this is dry air and is less than the capacity to be provided 
for the air pump, because in passing through the condenser 
air becomes saturated and the air pumps must remove with 
the air an amount of water vapor dependent upon the pres- 
sure and the temperature of the mixture. It is to be under- 
stood that this chart is not from absolute data, but is simply 
an estimated quantity. 

According to Dalton’s Law, the total pressure in the con- 
denser is the sum of the partial vapor pressure corresponding 
to the temperature of the mixture, taken from the steam and 
the partial air pressure due to the air or other gas present in 
the conductor. The volume of the air is directly proportional 
to its absolute temperature and inversely proportional to its 
pressure; therefore, if the mixture of air and water vapor in 
the condenser is cooled, the total pressure remaining the same, 
the vapor pressure is reduced and the partial air pressure in- 
creased, with the corresponding change in volume. The gen- 
eral problem may be considered as the determination of the 
total weight of saturated mixture which must be removed from 
the condenser to expel one pound of dry air. Now this ca- 
pacity does not provide for emergencies, unusual operating 
conditions or excessive air leaks, and it is usual to select a 
larger pump and operate at reduced capacity, but the better 
way is to select two pumps of minimum size, as indicated from 
the capacity calculations. In this way a spare pump is pro- 
vided as an insurance against shutdown, maximum economy 
of power is obtained, and the necessity of the use of both 
pumps is an automatic indication of excessive air leakage. 
The ejector, being so small and not requiring foundation, 
lends itself most admirably to this selection and can be used 
in two or aS many more units as desirable, to provide for 
fractional loads and maximum economy. 

In selecting an air pump for a jet or barometric condenser, 
capacity must also be provided for the entrained air and gases 
which enter with the injection water and immediately expand 
to the pressure being maintained in the condenser. Here we 
have a very uncertain item, for cold water will hold more air 
than hot water, and water flowing over leaves and vegetable 
matter will absorb CO: The air contents will be different in 
the water of a spray pond, a still lake, a slow moving river or 
a mountain stream. The quantity of air admitted into the 
condensing system with the injection water is greatly in ex- 
cess of that entering with the steam and air leaks. A consid- 
erable quantity of air passes out of the system through the 
water-removal pump toward the tail pipe by entrainment. This 
latter quantity is sometimes as large as 40 per cent. of the 
total and seldom less than 20 per cent. It is, therefore, as- 
sumed that the air admitted with steam and by leaks in the 
system passes off with the injection water, and air-pump ca- 
pacity is provided only for the air entering with the injection 
water. 

Mr. Wheeler’s paper also contains descriptions of a number 
of ejector air pumps, but as there is in course of preparation 
for Power an article that covers this ground, that part of the 
paper has been omitted in this abstract. 


A. A. E. Organizes Ohio State Assembly 


Representatives of all chapters of the American Association 
of Engineers in Ohio met in Columbus on Jan. 21 and formed 
the Ohio Assembly of the A. A. E. The objects of the state 
organization were defined “to initiate, codrdinate and promote 
the interests and achievements of the A. A. E. in the State of 
Ohio.” 

It was tentatively decided that representation in the state 
assembly would be on the basis of one representative from 
each chapter having from 20 to 100 members, two from chap- 
‘ters having 101 to 500 members and three from those with 
from 501 to 1,000 members, and that voting power would be on 
he basis of units of 100 members represented. Thus the 


representative from a chapter having not over 100 members 
would have one vote, while the three representatives from a 
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chapter having between 400 and 500 members would have five 
votes. 

A committee was appointed to draft a constitution to 
submit to the chapters for discussion. Plans were discussed 
and an agreement reached that a state secretary should be em 
ployed in the near future and state headquarters opened in 
Columbus. Another development of the future is to bring to- 
gether all members of the state in an annual get-together meet- 
ing, partly for social purposes and partly to discuss matters 
of common interest. Members and applicants of the A. A. E. 
in Ohio now number about 1,500. Chapters are being formed 
at Canton, Youngstown, Newark and Marion. The existing 
chapters are Akron, Cleveland, Dayton, Cincinnati, Toledo, 
Ohio Valley, Steubenville, Ohio Northern, and Columbus. 





Domestic Exports of Pumps and Pumping 
Machinery, to October, 1919 





Countries Dollars Countries Dollars 
No raiccn laa nnoceeavicet ee a 13,807 
a, oe BE MIEN 95 :06h0.vin eiy wicce-sereo6 ea 19,971 
SUE Fie ooh coy anise eran Sivedalgi te I bes rary a) cw vie siccoioca aie ts 13,913 
0 =e ee Bet GD, onc assivciecesvccws 1,796 
Iceland and Faroe Islands ES ee 3,269 
MEE ads ait cr ciuicnaictokauelevereses 0,313 British Guiana SEAR tee aes 428 
eS ee T2205 POTS ose pare 15,154 
EE ii ara ddioe-eze's-« akaiere SUIS WRN occ. cece 1,344 
| a Ree DMMB Oo, nee 7,584 
RE test iceerleisrs tiveness ah ee NE etaredorsig 6 ony chaise s oes 13,985 
Ere re 692 Japanese China........... 1,311 
2S eee eee ee 6 ee ee 92 
0 rae $4,008 Erste, INGIAs 00s cccccce 29,396 
I cra noe afainiarasioussaiece 330 Straits Settlements........ 839 
British Honduras......... 12 Other British East Indies. . 7,233 
eee 102,320 Dutch East Indies........ 32,811 
ID 65. 65.5.4: -acossverese i Sf... lore 2,248 
SIE ac cresctaracuraareroe oe 1,313 Japan ; econ areas 5,675 
ee eee 409 ‘Russia in Asia............ 180,692 
PD 6.\cowsenas oneness 424 Siam .... ree ee »529 
DE das '5: nd: Sigainoecipeser 767 Turkey in Bila. . +: -.s00es 395 
IN ss he cc cat hncravee =. ee 9,605 
I Shetd ski wislcros ate stevevarcig) die 97,939 New Zesland............. 4,216 
Miquelon, Langley, etc.... 137. French Oceania..... ayer 126 
Newfoundland and Labrador 924 German Oceania........... 108 
III a. :6, snciese cs,arcecoarass 152 Philippine Islands......... 26,654 
Es ae ee 696 Belgian Congo............ 3,506 
Trinidad and Tobago...... 1,076 British West Africa....... 1,420 
Other British West Indies. 441 British South Africa...... 12,568 
AE ah Kiniareiarsminioaiaicrosnteie a Oa 11 
Danish West Indies...... 12 lena ees 117 
Dutch West Indies....... Be, MUI sos ies die siete vs wore ware 35 
French West Indies...... 1,020 - 
NE karate 4rvennedabi-caieeecs 52 a 
Dominican Republic....... $,251 


Exports, During October, 1919, of Air- 
Compressing and Refrigerating 











Machinery 
Air-Compressing Refrigerating 
Machinery, Machinery, 

Countries Dollars Dollars 
Ne Sio cig oo) oyna wily co aGsedh eras ari Sie ee  «peearce 
raga inceicors ainials aka we Solas - ee 0—t—~—~«sC www ws 
ag ie RE RR ee 6 Somes 
RENDER SR parece sieraete th yi) tee ir oe CUAL irre 
EE Fae ico is. av8-Wio eid 6 Aletarcie Gin BSeceeIeaong teeta S 
EN ered teckcd-41 Wb: 4-4 ren aCe eS eee AONE > See 26,564 
IN faints ernie tov< cisrcwstaars kos ia emma eRe me, aha 
NN la oie cai ihcs airs avd ares wim Oinwige Ginrbe win ial #5 Teta 30,010 3,464 
IY go vare carecass ian Sb Geuhew eae) HES eS a, —-wateieiecs 
a ctascccra(scorenigjere erably ioteie/o eubrenaesi niente. a 36,592 27,355 

NI Sri 2 evaceinne 5 averdes pia GibreveW a teresaiect te 2 
EE on cp mheeulceb enous, “EEC “sama 
ao rie-a eine ela saree pela aie ieivik ie e-y'pieren Gre acaba 
IL ic var ana fal ghar Gian Sa aiaeestacnerels aca aren 350 
I oad aia gcc alsin aera pack S se NTS 4 Jae 88. 18% 65 
Newfoundland and Labrador. 2,012 
| SETS SITE AER Sa or ee errs 15, 222 
Dominican Republic 2... cccsesccdvecce aie 
Argentina 8,148 
eee irincxic tare bate guy Cs Eales Mea ee ba 1,510 
Uruguay 64, 077 
(SS ere a, ee 
Peru 2,370 
Ecuador 95 
Venezuela 27 
| EEE Sons Cree needy OL 260 
TEPER oc «vice eracaic st cesinsaeie:s 17,052 
British — = ale dabei 2,228 
PE EE GRR. oc covedaetencasscsesscay Me | Saimin 
A oa o disse gin 6 9 ticle atn.4 ies Siacyinece. ites 1,261 
ynscoeee A Re ie ee ere 15 
RS en eoamate any ieekeeees seemed: —n sais 
ee eee 3,910 
New. a0 ma Bag ecre seer tins cweneees 4,051 
ES Se rer re re ae 0té‘«é«‘CS«*«‘ aI 
British rr err er 3,449 17,664 
TNE ce cis wert adaincaean eA eens es . 343,228 197,917 
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Comparative Evaporative Values of 





The power plant engineer in the East should be par- 
ticularly interested in the calculations dealing with the 
comparative evaporative values of coal. 





N COMPARING the evaporative values of the two fuels, 
coal and oil, it is fair to select a coal that is considered 
standard and is largely used in evaporative tests. It 
would not be just to select a coal of the inferior value of 
Western coals, and Pocahontas coals and Kern (California) 
crude oil are therefore selected as a basis of comparison. 

These fuels have the following analyses: 
Kern Crude Oil 


Pocahontas Coal, 14.5 Gravity, 


Proximate Analysis Per Cent. Per Cent. 
OE oon edb aameenbawemes 73.30 atta 
ee CEE ccc sivccwndeeesawens 17.61 75 
NE cna wae Veet een e ee kee 0 0.15 






timate Analysis 


 \vias hed dawde denne alee ee ewe 82.26 87.64 
PE Te 3.89 10.48 
NY he 5 sara ay ais) Grune Winter lain aera 0.49 1.02 
EL SN. onc arate daha heiieme mae es 4.12 0.08 
Seer ee ere nees 0.64 0.78 
I Pie Sh est den Dice onde ee Na: a 8.60 ‘sana 
100 100 
oo ae ee ee 14,067 18,619 


Assuming the complete combustion of the heat values in the 
two fuels as analyzed, and knowing that 1 lb. of carbon re- 
quires 11.6 lb. of air, 1 lb. of hydrogen requires 34.8 lb. of 
air, 1 lb. of sulphur requires 4.3, we have as the volume of air 
chemically required for the combustion of the coal and the 
oil the result shown in the following table: 

VOLUME OF CHEMICALLY REQUIRED AIR FOR COMBUSTION 
OF COAL AND OIL 
Weight of Air 


Required. 

Carbon Coal Oil 

i. See Oy, Bee DO Revie cavarcesioendoncas 9.54 seach 

ee, ee eee A ee Ee: UE Mc vrecccrSswhewensenen Saree 10.16 
Hydrogen 

a eS eS 6B 8.lU CO Re 1.35 Penne 

> So gk ee ee ee reer rere ee a 3.62 
Sulphur 

a ee ek, ee SR OS iv cc eceescceveedtondes 0.02 eo 

Oil, ee RD Div iaice eee kee esawenes ‘ 0.04 
a eee eT 10.91 13.82 
Weight of combustibles (ash deducted from coal)........ 0.91 1.00 
Total weight dry chimney gases, Ib...........cceceeecees 11.82 14.82 


For comparison assume that the flue-gas temperature is the 
same in both cases, 500 deg. F.; moisture in the two fuels is 
the same; air-intake temperature (temperature of the room), 
70 deg. F. The flue temperature is placed at 500 deg. F., 
which is probably the mean which obtains in practice. 

Moisture as shown in the selected coal is low, and that in 
the selected oil also low. In most oils it is more nearly an 
average of 0.5, and for this reason we will consider that the 
moisture content is the same in this case. 

The sensible heat carried away in the flue gases in the case 
of the coal is 0.24 (500 — 70) & 11.82 = 1219.8 B.t.u.; in the oil, 
0.24 (500 — 70) X 14.82 = 1529.4 B.t.u.; 0.24 being the specific 
heat of the chimney gases. 

In the combustion of hydrogen to water each pound of 
hydrogen results in 9 lb. of water, or in the coal the water 
formed will be 0.038 X 9 = 0.34 Ib. 

The heat lost, both latent and sensible, in the evaporation of 
this water is 

0.34 (142 + 966 -+ 288 X 0.47) = 422.6 B.t.u., 
wherein 212 deg. — 70 deg. = 142 deg., assuming the temper- 
ature of the water in the coal to be that of the fireroom; 966 


*Given by C. F. Wieland, of San Francisco, Transactions A. S. M. E., 
Vol. 33, 1911, p. 32, but considered to be particularly welcome to 
power-plant men at this time. 

+In various textbooks the values given range from 16 to 18 Ib. of 
air per pound of oil, but an average of 14 Ib. is more nearly correct.— 
C. R. Weymouth. 


Coal and Oil’ 


being the latent heat of vaporization of steam at 212 deg. } 
500 deg. — 212 deg. = 288 deg., being the difference between 
steam at 212 and the flue temperature as assumed; and 0.47 
being the specific heat of superheated steam at atmospheric 
pressure. 

In case of oil we have 

0.104 XK 9 = 0.936 Ib. 
The heat loss is 
0.936 (62 + 966 + 288 X 0.47) = 1088.5 B.t.u. 

The loss in coal due to ash is 8.6 per cent. of the total, 
equaling 1209.7 B.t.u. A further loss in oil combustion is the 
heat absorbed by the steam used in atomizing, being in super 
heating the steam from 212 to 500 deg. F. This is 


288 X 0.47 = 135. B.t.u. 


Tabulating these losses, which for convenience have been 
called fixed losses, we have: 





135.0 
2752.9 


While this calculation is not intended to convey any idea of 
the actual value of losses in the two fuels, it may afford a 
comparison of what we may term fixed losses within certain 
limits. 

The amount of air required for the combustion of coal is 
much less than for oil, due principally to the much greater 
hydrogen content in the oil, the carbon content being, roughly 
speaking, the same. Furthermore, the combustion of the hy- 
drogen requires a proportionately larger weight of air. 

On the other hand, the greatest loss in the coal is in the 
ash, as in the comparison of the fuels we must consider that 
as received. In the oil the loss due to noncombustible is 
practically negligible. The loss due to superheating the 
burner (atomizing) steam is also small. 

{n examining the figures a remarkable equality of the total 
losses is immediately apparent. To what extent this relation 
would hold for coals of different composition would have to 
be determined. Subtracting these losses from the calorific 
value of each fuel we have: 


18,619 — 2752.9 = 15,866.1 B.t.u. 
14,067 — 2852.1 = 11,214.9 B.t.u. 


These last qualities represent the available heat left in the 
fuel for evaporation of the water in the boiler. From this it 
would appear that the two fuels under examination had an 
evaporative value which is in the ratio of 11.2 for coal to 15.8 
for oil. For coals equal in quality to that selected, the writer 
believes that this ratio will generally be found correct, lower- 
grade coals having correspondingly lower values. This ratio 
is also amply borne out in numerous actual tests. 

It is shown in the foregoing that the theoretically required 
air supply is greater for oil than for coal. This means a 
greater volume of flue gases, therefore a greater loss in heat. 
If we consider, however, those coals having a large amount 
of volatile matter, it is safe to say that the air supply for 
their complete combustion will be much in excess of that for 
oil. Not knowing the composition of the volatile matter, we 
must necessarily figure with a certain indefinite quantity of 
excess air. In the combustion of oil we are able to supply 
more nearly that amount of air which is actually chemically 
required, 

From the manner in which the oil is burned, it is evident 
that a more perfect mixture of the air with the gases is 
obtained. Not only is the air supply easily regulated by hand, 
but apparatus has been devised to effect the control mechan 
ically and automatically to suit the momentary load demands 
Although it does not necessarily follow that a smokeless chim 
ney signifies complete or most economical combustion, it does 
mean much to neighbors, and one can safely say that such a 
chimney is more often seen in connection with an oil furnace 
than with one burning coal. 
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The Diesel Engine 


At a regular monthly meeting of the Engineers’ Society of 
Milwaukee, held on Jan. 14 under the auspices of the Mil- 
waukee section of the American Society of Mechanical En- 
cineers, Max Rotter, consulting engineer of the Busch-Sulzer 
Bros. Diesel Engine Co., of St. Louis, delivered a most in- 
teresting lecture on the company’s product. That the topic 
is of exceptional interest at the present time and the speaker 
a recognized authority on the subject was evidenced by an at- 
tendance exceeding two hundred enthusiastic engineers. Mr. 
Rotter was so full of the subject that there was no need for 
a written paper, his talk being well illustrated by numerous 
antern slides. 

For the benefit of those not particularly familiar with the 
nternal-combustion engine, in his introductory the speaker 
reviewed briefly the principles of operation, giving the events 
f each stroke and explaining why an air compression of 
about 500 lb. had been found most economical. Theoretically, 
the higher the compression the greater the efficiency, but the 
mechanical losses increase and the lines of heat and mechanical 
losses cross at a point ranging between 450 and 500 lb. The 
temperature at the beginning of the power stroke was about 
1,000 deg., the feed being regulated so that the gas burned 
uniformly instead of exploding as in the usual type of internal- 
combustion engine. Consequently the Diesel was a constant- 
pressure engine as distinguished from the constant-volume en- 
gine, such as the semi-Diesel or the gas engine. 

In the semi-Diesel engine compression was carried to only 
one-half of that in the Diesel engine and some part of the 
cylinder in or near the head retained heat enough to ignite 
the fuel. This required a special form of ignition chamber, 
which was unnecessary in the Diesel engine. 

As compression with the Diesel engine consumed from 8 
to 10 per cent of the power developed, it was only logical to 
try to get rid of this loss. In this connection reference was 
made to the solid injection Vickers engine made in England, 
in which no compressed air was used, the fuel being forced 
directly into the cylinder. Unfortunately, this engine was not 
adaptable to all kinds of fuel and it required a special com- 
bustion chamber. It was the speaker’s opinion that eventually 
this problem would be solved, but he did not think atomizing 
the oil mechanically without the air pressure would be a 
success. The compressed air had some other function and 
effect on the results than the mere mechanical action of forcing 
the oil into the cylinder. 

By means of simple diagrammatic views the events of each 
cycle in two-stroke- and four-stroke-cycle Diesel engines were 
outlined. In the former particular reference was made to 
the valves in the head for scavenging or blowing the burned 
gases out of the cylinder. 


FUELS FOR THE DIESEL ENGINE 


As to fuels the best information on the subject was the 
Haas bulletin, published by the Bureau of Mines. Any liquid 
containing hydrocarbons could be burned in a Diesel engine, 
but all could not be burned with equal success. Crude pe- 
troleum and distillates were of course the fuels generally 
used, but there were instances where Diesel engines had been 
run on gashouse tar, fish oil, peanut oil, etc., but it was found 
that the byproducts were of more value than the use of such 
oils as fuel. es 

There was a great variation in petroleum. Some Mexican, 
Texas or California crudes were better than some Oklahoma 
listillates. For commercial purposes the viscosity of the fuel 
must be such that the oil will flow to the pump by gravity and 
from there be pumped to the cylinder. The serious limitations 
were the ash and sulphur. The former stays in the cylinder 
and grinds up the walls, while the sulphur forms sulphuric acid 
to corrode and pit the metal. 

In the laboratory at the present time there is no reliable 
nethod for determining the suitability of an oil as fuel for 
the Diesel engine. Temperature and time are the two things 
hey decide by. A sample of oil is heated in a test tube to 
300 deg. and is maintained at this temperature for three hours. 
\s a general rule this method will give good indications of 
the suitability of the fuel, but it is not infallible. The only 
sure way is to test the oil in the engine cylinder. Standard 
nethods of determining asphaltum were numerous, but none 
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was satisfactory. The chemical composition of the residue 
that enables it to be consumed in the engine is what counts. 
Physical tests, not analyses, are the thing. The name or 
brand of a fuel oil is no guarantee. Owing to variations 
every car must be tested. As previously explained it is the 
residue after distillation that counts, and this varies with 
each supply. 

As to the fuels of the future, it will be remembered that 
the Diesel engine is not limited to petroleum. Because of the 
great increase in the use of automobiles, trucks, tractors, etc.. 
the tendency will be to increase the supply of gasoline and 
lubricating oils. Lower down the scale there will be vast 
quantities of fuel oil that will be a drug on the market. This 
may be used with good satisfaction in the Diesel engine. 

It had been the dream of Doctor Diesel to use tar oil recov 
ered in the distillation of coal. This oil makes a good grade 
of fuel, but some of it is hard to ignite and it may be neces- 
sary to inject a small fraction of a lighter oil to start the 
ignition and raise the temperature sufficiently to insure prompt 
gasification and burning of the heavier fuel. This is easily 
done. 

On the average, fuel oil contained about 18,800 B.t.u. per Ib., 
143,000 B.t.u. per gal. or 6,000,000 B.t.u. per bbl. On the bulk 
basis there was very little variation. The heat content in a 
gallon of oil was always so close to 143,000 B.t.u. that this 
figure may be accepted practically as standard. 


HicuH EFricrency Over Winer RANGE or Loap 


When it came to efficiency, no other method of generating 
power could approach the Diesel engine. The efficiency of the 
steam plant was lower and varied more with operating condi- 
tions, stand-by periods, variation of load, etc. Numerous 
curves were presented comparing the economy of small steam 
plants containing simple noncondensing units, compound con- 
densing Corliss engines and steam turbines, with a Diesel- 
engine plant. No mention was made of the uniflow engine of 
recent design. The Diesel engine curve showing the steam 
rate at different loads was almost flat. It was approached 
by the steam turbine curve, but not by any other prime mover. 

Including auxiliaries the average compound condensing Cor- 
liss engine plant required nearly 3 lb. of coal per kilowatt- 
hour or about 36,000 B.t.u. as compared to an average between 
25 per cent and 100 per cent load of 10,300 B.t.u. for the Diesel 
engine, the fuel consumption of the former being 3% times 
greater. In pumping oil by a steam plant burning oil or by a 
Diesel engine the ratio of fuel consumption approximated 3 
to 1. 

In marine work the flat curve of the Diesel engine was of 
great value. Curves were thrown on the screen showing the 
shaft horsepower versus the speed. The steam-engine curve 
rose more rapidly than the curve of the Diesel engine. In 
comparing fuel consumption the triple-expansion steam engine 
was credited with 1.2 Ib. of coal or 0.93 to 1.23 Ib. of oil per 
shaft horsepower as compared to 0.53 to 0.47 Ib. of oil for the 
Diesel engine at three-quarter speed. In the steam plant the 
speaker went on to say that deficiencies did not always make 
themselves evident, so that there was always the prospect 
of operating considerably below maximum economy. In the 
Diesel engine any defect would be made known at once. 

Heat from the exhaust gases was being used to some extent 
to heat the domestic water supply. As the temperature at the 
end of combustion was about 3,000 deg. F., water cooling was 
a necessity. The amount of heat carried off in the jacket 
water was almost equal to the heat converted into useful 
work. Owing to the severe service it was important to use 
the proper grade of cast iron. In certain kinds of iron con- 
siderable growth was known to take place. This could be 
avoided by careful selection of the metal. 

As a climax to a most interesting talk the speaker described 
and thoroughly illustrated two of the latest designs of engine 
being developed by the company. One was a four-cylinder, 
two-stroke-cycle, slow-speed Diesel engine adaptable to land or 
marine work, weighing 300 Ib. per horsepower, and the other 
a high-speed marine engine weighing 50 Ib. per horsepower. 
In the unit first mentioned the scavenging pump and air com- 
pressor were integral with the engine. The tendency now 
in large units was to go over to the electric-driven blower for 
furnishing scavenging air, although the efficiency was some- 
what less. The scavenging pump shown was of the tandem 
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piston type using 8 to 10 per cent of the useful work of the 
engine. For this reason the two-stroke-cycle engine is less 
efficient than the four-stroke-cycle engine. If the amount of 
excess air that it is necessary to pump through the cylinder 
could be reduced and the pressure lowered, the efficiency of the 
two-stroke-cycle engine would be improved. In the later types 
of engine the scavenging pressure had been brought down 
to 3 lb. as compared to 6 or 7 Ib. previously used, and its 
efficiency approached that of the four-stroke-cycle engine within 
5 or 6 per cent. At underloads the disability of the two- 
stroke-cycle engine became less until at 20 per cent load the 
efficiencies of the two engines were equal. In the engine 
‘cylinder scavenging through valves in the head or through 
ports and a receiver at the side of the cylinder was pictured. 

Other features brought out were an ordinary fuel valve 
and the starting valve located in one cage; also a timed 
starting valve supplemented by a compression relief valve to 
relieve the compression during the starting of the engine. 

The question of atomizing was not so sacred as it was 
generally supposed to be. The speaker had tried numerous 
plans, but the results were all about the same, and he always 
came back to the usual method. 

Curves giving the results of tests on a 1250-hp. two-stroke- 
cycle slow-speed heavy engine showed a fuel consumption of 
0.418 Ib. per brake horsepower-hour from full load to three- 
quarter load. 

A brief description, with numerous slides, of the light high- 
speed marine engine that had been an important factor in 
subduing the submarine peril, followed. The engine had to 
be built so that everything could be removed from the bottom. 
The pistons were oil-cooled with the same kind of oil used for 
lubrication to avoid the necessity of using salt water for this 
purpose, 

A luncheon that was much appreciated and generally en- 


joyed closed a most profitable evening. 
Chicago Section A.S.M.E. Discusses 
Lubrication 


On Jan. 23 at the Morrison Hotel, the Chicago section of 
the American Society of Mechanical Engineers held its sec- 
ond meeting of the season. An all-day blizzard reduced the 
attendance to about 100, but those who had the courage to 
venture out enjoyed a very profitable meeting. Preliminary 
to the subject of the evening, Arthur L. Rice, chairman of 
the section, reported the status of the Jones-Reavis bill which 
proposes to reorganize the Department of the Interior, change 
its name to the Department of Public Works, assemble in this 
department all engineering bureaus having anything to do 
with construction work of the Government and eliminating 
those bureaus that would be foreign to this work. The bill 
is still in committee, but is soon to be called out. At the 
present time two things are needed. One is as much pub- 
licity on the bill as possible so that the voters in the various 
states will appreciate the merits of the bill and favorably re- 
port it to their representatives at Washington. The second 
essential is money to carry on this publicity work. The state 
of Illinois still requires $2000 and it was intimated that a 
request for subscriptions would be made at an early date. It 
was the first time that the engineering profession as a whole 
had attempted to put over a great big thing of this character 
which would be of great benefit to the Government and to 
the country as a whole. Each engineer should take an active 
part in the movement and show what can be done by con- 
centrated effort. 

Lewis M. Ellison, chairman of the membership committee 
for the section, spoke of the drive that was being made for 
affiliate members. He was enthusiastic as to the possibilities, 
and in the matter of securing prospects he bespoke the aid 
of every member of the section. 

William F. Parish, recently chief of the oil and lubrication 
branch, U. S. Air Service and now connected with the Sin- 
clair Refining Company, gave a very interesting address on the 
proper balancing of fuel, lubricant and motor. According to 
the speaker, dilution of motor lubricating oil had always ex- 
isted. It is caused by the gasoline mixture escaping past the 
piston rings and perhaps by drainage of the diluted oil from 
the cylinder walls. In the early vears of highly volatile gaso- 
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line, the gas escaping past the piston rings did not ent 
extensively into the body of the lubricating oil and wh: 
mechanical losses of fuel took place in all four-cycle engin: : 
this loss did not reflect itself in a problem of dilution. 
the past few years, due to the heavy end components of t! 
fuel, a larger amount after passing the rings, upon condens:. 
tion, remained in the lubricating oil, thus creating a conditi: 
of dilution. Not until the period of high-end point gasoli: 
did the matter of fuel loss become apparent and then only 
proportion to the amount held in solution in the lubricatin, 
oil. This condition, which lias become especially accentuate: 
in the past three or four years, has resulted in undue we: 
upon the engine parts, as well as affecting the use of fu 
lubricant and power. In the paper, Mr. Parish called atte: 
tion to this underlying trend in the situation and suggeste 
a method of application of motor oils to correct some of th 
present faults. It was his opinion that a true solution coul 
be reached only by changes in mechanical equipment of th 
engine. He made a strong plea for better engine design an 
greater economy in the use of gasoline and lubricating oil: 
Numerous slides were presented which contained in cur\ 
form the results of tests made on airplane engines and con 
mercial trucks. In an early issue the paper will be presente: 
in more complete form. 

Following the speaker of the evening, Dr. Pogue referre: 
to the change in volatility of gasoline, due to the enormou 
demand for this product. The oil people were constant}, 
turning more of the crude petroleum into the field of fue 
and less into fuel oil and the heavy oils for lubrication. | 
this movement the increasing use of motor trucks and tra 
tors was an important factor, for the fuel consumption o 
either was about six to one as compared with an automobil« 
Consequently the consumption was going up by leaps and 
bounds and it required the closest co-operation between engin« 
construction and fuel and lubrication supply to allow the oi 
age to go on unmolested. Codrdination and codperation 01 
the technical side of the question was particularly important 
An extended discussion indicated the interest that engineer- 
are now taking in the fuel supply for internal combustion en 
gines and in proper lubrication. 


A. I. E. E. Midwinter Convention 


The Eighth Midwinter Convention of the American Institut: 
of Electrical Engineers will be held in New York City, Feb 
18-20, 1920. While the details of the program have not yet 
been completed, the tentative arrangements may be summarized 
as follows: 

On Wednesday, Feb. 18, the morning will be devoted t 
registration. In the afternoon members will be permitted a 
choice between inspection trips to points of engineering in 
terest or attendance at the joint session with the American 
Institute of Mining Engineers. In the evening the president 


“will deliver his address and three technical papers will be pre 


sented: “Daylight Saving,” by Preston S. Millar, manager, 
Electrical Testing Laboratories, New York; “Essential Sta- 
tistics for General Comparison of Steam-Power Plant Per- 
formances,” by W. S. Gorsuch, engineer economics, Inter- 
borough Rapid Transit Co., New York, and “Standard Graphic 
Symbols,” by E. J. Cheney, chief of Division of Heat, Light 
and Power, Public Service Commission, Albany, N. Y. 

The Thursday morning session will be devoted to a discus- 
sion of an economical supply of electric power for the indus- 
tries and railroads of the northeast Atlantic seaboard. A 
symposium by a number of authors will be presented on the 
subject. In the afternoon two parallel sessions will be held. 
The papers to be presented are: “Printing Telegraph Systems,” 
by J. G. Bell, telegraph engineer, Western Electric Co., and 
“Maximum Output Networks for Telephone Substation and 
Repeater Circuits,” by G. A. Campbell, research engineer, 
American Telephone and Telegraph Co., and Ronald M. Foster, 
assistant to research engineer, American Telephone and Tele- 
graph Co.; “A Method of Separating No-Load Losses in Elec- 
trical Machinery,” by C. J. Fechheimer, designing engineer, 
Westinghouse Electric and Manufacturing Co.; “Inherent Regu- 
lation of Direct-Current Circuits,” by A. L. Ellis, Thomson 
Laboratory, General Electric Co.; “Measurements of Projectile 
Velocities,” by P. E. Klopsteg, physicist, Leeds & Northrup 
Co., and A. L. Loomis, formerly major Ordnance Department. 








February 3, 1920 


Thursday evening is at the disposal of the Entertainment 


Committee. 


At the Friday morning session three papers will be pre- 
sented: “A New Form of Vibration Galvanometer,” by P. G. 


POWER 


“The 


Accuracy of 


201 


Commercial Measurements,” by H. B- 


Brooks, physicist, United States Bureau of Standards. 


\gnew, physicist, United States Bureau of Standards; “Pre- 


ision 


Shibaura Engineering Works. 


The last technical session will be held on Friday afternoon, 
at which two papers will be presented: “Oscillographs and 
(heir Tests,” by A. E. Kennelly, professor of electrical en- 
gineering, Harvard University; R. N. Hunter, Engineering 
American Telephone and Telegraph Co., and 
A. A. Prior, instructor Case School of Applied Science, and 


Department, 


Galvanometer for Measuring Thermo, 
r. R. Harrison and P. D. Foote; and “Notes on Synchronous 
Commutators,” by J. B. Whitehead, professor of electrical en- 
gineering, Johns Hopkins University, and T. Isshiki, engineer, 


Em.F.’s,” by 


engine. 


The convention will close on Friday evening, Feb. 20, with a 
dinner-dance at the Hotel Astor. 


At the November meeting of the Diesel Engine Users’ Asso- 
ciation particulars were given of tests carried out on connect- 
ing-rod bolts of a Diesel engine after having been in use for 
23,500 hours, corresponding to 214,000,000 revolutions of the 
Tests of ultimate tensile 
elongation, reduction in area, and hardness carried out before 
annealing and then after annealing at 900 deg. C. showed that 
the annealing process had practically no effect on the material. 
The bolts, which were 14% inch at the smallest diameter, were 
apparently of wrought iron and were the original bolts sup- 
plied with the engine in 1913. 


strength, elastic limit, 
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Albert Schmid, consulting engineer of 
the Westinghouse Electric and Manufac- 
turing Co., died in New York City on Dec. 
31, 1919. Mr. Schmid was born in Zurich, 
Switzerland, in 1857, and received his edu- 
cation in that city. He was an engineer 
of international reputation. He began his 
career with the French Westinghouse Air 
Brake Co., and in the early 80’s was in- 
vited by Mr. Westinghouse to come to 
America. When Mr. Westinghouse became 
interested in the Union Switch and Signal 
Company he engaged Mr. Schmid as his 
chief designer and engineer in that field. 
Shortly after, he was transferred to the 
newly created Westinghouse Electric Co., 
becoming its first chief engineer in 1886 
and in 1896 its general superintendent. 
He was director general of the French 
Westinghouse Co., director of the English 
Westinghouse Electric Co., Ltd., president 
of the Campagnie des Lampes a Filament 
Metallique, of France, and had general 
supervision of the Westinghouse Lamp 
Co.’s interests abroad. He had remarkable 
inventive genius, of which the Patent 
Office records much evidence. 


Dr. Richard Cockburn MacLaurin, presi- 
dent of the Massachusetts Institute of 
Technology, died at his home in Boston, 
on Jan. 15, of pneumonia. Dr. MacLaurin 
was born in Edinburgh, Scotland, in 1870. 
His early boyhood was spent in New Zea- 
iand and his preliminary education com- 
pleted in Great Britain. He entered Cam- 
hridge University in 1892 and there took 
the degrees of Bachelor and Master of 
\rts, besides winning the coveted Smith 
prize for excellence in mathematics. Upon 
graduation he was elected Fellow of St. 
John’s College. In 1898 he was appointed 
professor of mathematics in the University 
of New Zealand. Later he became a 
trustee of that university and took an 
active part in the organization of tech- 
nieal education in the colony. For four 
vears he served as dean of the faculty of 
law. In 1898 Cambridge University con- 
ferred upon him the degree of doctor of 
science and in 1904 the degree of doctor of 
laws. He came to this country in 1907 to 
take the chair of mathematical physics at 
Columbia University, and a year later was 
made head of the department of physics. 
In 1908 he was chosen as president of the 
Massachusetts Institute of Technology. 
When he went to the Institute there were 
sreat financial difficulties to meet, but he 
was remarkably successful in interesting 
men of wealth, and as a result he received 
a donation of $50,000 from T. Coleman du 
Pont for the purchase of a new site in 
Cambridge. As a result of an interview 
he had with George Eastman, of Roches- 
ter, N. Y., benefactions amounting to 
eleven million dollars were made to the 
Institute. In July, 1918, Dr. MacLaurin 
was appointed national director of college 
war training, and he was head of the 
Students’ Army Training Corps under the 
Committee of Education of the War De- 
partment. He was a member of the Ameri- 
can Mathematical Society, American 
Physical Society, American Academy of 
Sciences and Arts, and the American 
Philosophical Society. He was a member 
of many clubs in “this city and in Boston. 
He is survived by his widow and two 
children. 


Major Edward T. Walsh, of Plainfield, 
N. J., died at his home on Jan. 13, in his 
forty-eighth year. Major Walsh was born 

South Orange. His technical education 
was obtained at Pratt Institute, Brooklyn. 
He was for some vears connected with the 


maintenance department of the New York 
and Brooklyn Bridge. Later he went with 
the Atlas Portland Cement Co., at Cata- 
sauqua, Penn., where he was associated 
with the mechanical department in the 
design of power-plant and building equip- 
ment. After two years with this company 
he formed a connection with the power- 
plant department of the Interborough 
Rapid Transit Co., where he remained 
throughout the construction period. He 
next went to Dayton, Ohio, where he be- 
came a construction engineer with the 
National Cash Register Co. and superin- 
tended the construction of several large 
factory buildings. From there he went to 
Philadelphia where he continued his work 
in the design and construction of indus- 
trial buildings. In 1909 Major Walsh be- 
came associated with Frederick A. Wal- 
dron, Plainfield, N. J., where he had since 
made his home. He remained with Mr. 
Waldron for several years, and one of his 
notable undertakings at this time was the 
construction of the large service station 
for the Edison Illuminating Co. of Boston, 
Mass. Shortly after the opening of the 
world war Major Walsh became chief en- 
gineer of the Canadian Car and Foundry 
Co., of New York, which handled a num- 
ber of large shell contracts for the Russian 
government. After this he spent nearly a 
year with the Maxim Munitions Corp. 
This experience proved of great value 
when the United States entered the war 
and he was given the commission of major 
in the Ordnance Department. He served 
during the war in some of the most active 
divisions of the work and following the 
armistice became connected with the sal- 
vage board of the Western New England 
district. At the time of his death he was 
chairman of this salvage board. He leaves 
a wife, a daughter and a son. 


Personals 











George A. Deibert, who has been assist- 
ant supervisor of safety for the Southern 
region with the United States Railroad 
Administration, has resigned to accept a 
position as director of public safety for 
the Georgia Railway and Power Co. 


Arthur Elliot Allen has been appointed 
district manager at New York for the 
Westinghouse Electric and Manufacturing 
Co. to succeed Edward D. Kilburn, who 
has been elected vice president and gen- 
eral manager of the Westinghouse Electric 
International Co. Mr. Allen has been con- 
nected with the Westinghouse Electric and 
Manufacturing Co. since 1902, in various 
responsible positions. 


John B. Miller, chairman of the Southern 
California Edison Co., of Los Angeles, has 
accepted the invitation of R. H. Ballard, 
president of the National Electric Light 
Association, to act as chairman of the 
convention committee of the national or- 
ganization, which is to be: held in Pasa- 
dena, Calif., May 18-22. The convention 
committee will have general supervision 
over all of the other committees. 


F. L. Collins has been appointed power 
and electrical engineer of Freyn, Brassert 
& Co., Chicago, Ill. Mr. Collins was for- 
merly connected with the Illinois Steel Co. 
as electrical engineer, later joining the 
Dominion Iron and Steel Co., Sydney, 
N. S., as chief electrical engineer. He was 
subsequently connected with the ordnance 
department of the United States Steel 
Corporation at Neville Island, and until 
recently was chief electrical engineer of 
the Pittshurgh Crucible Steel Co. 








i Engineering Affairs { 
j ws 

The Association of Iron and Steel Elec- 
trical Engineers, Philadelphia Section. 


will hold a meeting at the Engineers’ Club 
on Feb. 7. R. B. Gerhardt will talk on the 
“Electrical Features of a Modern Mill.” 
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Business Items | 





The Fairbanks Co., New York City, has 
signed a contract with the Lincoln Electric 
Co., of Cleveland, which gives the former 
company the exclusive distribution of Lin- 
coln electric motors for industrial applica- 
tions. The Fairbanks Co. will also codper- 
ate with the various. Lincoln district 
offices in connection with the sale of the 
manufacturer's other products. 


The Black & Decker Manufacturing Co. 
has further extended its organization by 
the establishment of a branch office at 6523 
Euclid Ave., Cleveland, Ohio, with Garth 
A. Dodge, formerly connected with the 
Austin Co., as branch manager for the 
states of Ohio and Indiana, and of the 
Cleveland branch. 


The Combustion Engineering Corp., New 
York City, announces that it has enlarged 
its facilities for handling business in the 
Philadelphia territory. The company's 
office is located in the Lincoln Building. 
with W. C. Stripe, formerly of the Pitts- 
burgh office, in charge. Associated with 
him are C. L. Bachman, who was manager 
of the Chicago office before going into the 
United States service, and E. F. Kuehnle, 
formerly in the main office in New York. 


The Westinghouse Air Brake Co. an- 
nounces the following changes in its per- 
sonnel: - R. Ellicott, manager of the 
Eastern district, has retired after a long 
service, to devote himself henceforth to his 
Florida estate. He will, however, act with 
the officers of the company in a consulting 
capacity. He will be succeeded by C. R. 
Ellicott. C. H. Beck, heretofore special 
representative, Safety Car Devices Co., 
succeeds C. R. Ellicott as assistant east- 
ern manager, with headquarters in New 
York City. With the promotion of E. A. 
Craig to the position of export manager, 
with headquarters in the Westinghouse 
Building, Pittsburgh, Robert Burgess, rep- 
resentative at Atlanta, becomes South- 
eastern manager, with headquarters in the 
Munsey Building, Washington, D. C. A. K. 
Hohmyer, heretofore representative at- 
tached to the Chicago office, is promoted 
to the position of assistant Western man- 
ager. J. B. Wright, assistant Southeast- 
ern manager, has been made assistant dis- 
trict manager at Pittsburgh. W. G. Kay- 
lor, representative in the Eastern district, 
is appointed representative in the export 
department, with headquarters in New 
York City. F. H. Parke, resident engineer, 
Southeastern district, is now general engi- 
neer with headquarters in the Westing- 
house Building, Pittsburgh. T. W. New- 
burn, assistant resident engineer, South- 
eastern district, becomes district engineer, 
Southeastern district, with headquarters in 
the Munsey Building, Washington, D. C. 
J. C. McCune, special engineer, Wilmer- 
ding, is appointed assistant to district en- 
gineer, Eastern district, with headquarters 
at 165 Broadway, New York City. J. H. 
Woods of the commercial engineering de- 
partment, Wilmerding, is appointed engi- 
neer of the export department, with head- 
quarters in the Westinghouse Building, 
Pittshurgh. 
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gross tons, 
follows: 


they are 
$2.45@$2.55; 
BUFFALO— 


Mine-run 


F.o.b. mines, net tons 
F.o.b. Philadelphia, gross tons. 5.05@ 5.60 
F.o.b. New York, gross tons... 
Alongside Boston (water coal), 
gross 


tons 


Allegheny Valley 
Pittsburgh 


P enunapevente Smithing 


, hestnut 


Anthracite 
Dll. svvéwebevibesvesdatneenstecdnnecennaee 
DE. ceccendecvecccceeesercesessecesecuane 
GR ccc cc cccccccccccccceccesovoccoese 
Buckwiiest 000000000 III 
a 
Bituminous 


Clearflelds 


Anthracite 





Bituminous 





Government prices at mines: 
) 






For ordinary 


Anthracite 





Anthracite 
(iiseneenanesaeheees $12.25@$12.40 


Domestic Bituminous 


West Virginia split 





Only coal available is mine-run 


Springfield, 
Carterville, 


Saline, 
Harrisburg 
. .$2.55@$2.70 


2.75@ 





2. 
2 





Williamson, 
Franklin, 


2.90 


50 
20 





Fulton, 
Peoria 
$2.95 @$3.10 
2.75@ 2.90 
2.85@ 2.50 


but are quoted 


ork. 


12.50@ 
jandanddadtiekweekes 12.25@ 12.40 


BOSTON—Current prices per gross ton f.o.b. New 
loading ports: 


Company 


Cambrias and 


Somersets 


$2.85@$3.35 $3.15@$3.60 


5.35@ 5.90 


5.40@ 5.95 5.75@ 6.25 


7.00@ 7.75 7.60@ 8.00 
Pocahontas and New River are practically off the 
market for coastwise shipment, 
$6.25@$7.00. 

NEW YORK—Current quotations, 
f.o.b. Tidewater, 


at 


White Ash, per 
at the lower ports 


are 


Conewe 


Coa 
7. 80 @$8. 25 


8.20@ 8.65 


. 8.45@ 9.05 


DOU DOSE (REE) cc cccccceccccccccecccsee #25083, -~ 
COBBRTIG (BENE) cccccccccccccccccccccscece 00@ 3 

Cambria (ordinary) .........0-seeeeeeeeees 260@ 30 
CEE MED. éccvesxessevecesroonreuta 8.00@ 3.25 
Clearfield (ordimary) ......ccscccscccesecs 2.60@ 2.90 
REED Gewenardccencescqcersencecens 2.85@ 2.90 
SED - Kcnvccuseseecusececeacaneeeses 3.25@ 3.50 
Somerset (medium) .........seseceessceees 8.00@ 3.25 
Dt Se vccpeeeneenevncuvewsrete 2.50@ 2.75 
Lo re 2.50@ 2.75 
Fairmont 2.25@ 2.50 
Latrobe 2.60@ 2.90 
Greensburg ° gts 3.00 
Westmoreland % in. . 3.40@ 3.50 
Westmoreland run-of-mine ° 275@ 3.00 


PHILADELPHIA—Anthracite prices hl practically 
the same as those listed above for New Y 
nous coal prices wer according to district from which 
ned. the price is 
lump, $3.00@$3.35, at the mines. 


Bitumi- 





CLEVELAND—Prices of coal per net ton delivered 
in Cleveland are: 


12.70 


12.40@ 12.60 


No. 8 Pittsburgh .......... 

Massillon lump ........+.. 

Coshocton WAMP ... .cccccccccccccccccccese 

Steam Coal 

OI, Ciiccweceesccnndedeceneswus cco 
FD Pic wesencevecereveceseseesececess 0 it 50 
Youghiogheny slack 50 
No. 8 % é. 00 
No. 6 m'‘ne-run ....... 5.50 
WO. B MIMO FU oc ccccccccccccceccsccosece 5.75 


Pocahontas. 


MIDDLE WEST—Chicago quotations, F.o.b. cars at 


Grundy, 
La Salle, 
Bureau, 

Will 

$3. 25@$3.40 

3.45@ 3.60 

2. 00@ 3.15 

2.75@ 2.90 


New Constructions 











PROPOSED WORK 
N. H., North ae ee Warner 
Sugar Refining Co., 79 Wall St., New York 
City, plans to build a sugar refinery. A 
steam heating system will be installed in 
same. Total estimated cost, $1,000,000. 


Mass., Boston—The Federal Reserve 
Bank, 53 State St., has had plans pre- 
pared for the construction of a 5 story, 
100 x 110 ft. bank on Pearl and Franklin 
Sts. A heating system will be installed in 
same. Total estimated cost, $5,000,000. 
C. R. Sturgis, 120 Boylston St., Arch. 


Conn., Hartford—Berenson & Moses, 
Archs., 1086 Main St., will receive bids 
about Feb. 15 for the construction of a 4 
wstory, 67 x 177 ft. warehouse on Winthrop 
St., for the Hartford Cooperage Co., 119 
Portland St. <A high pressure boiler and 
hydraulic or electric freight elevator. will 
be installed in same. Total estimated 
cost, $200,000 


N. Y., Brooklyn—E, 
Pres., received lowest 3 bids for installing 
a steam heating and ventilating system 
in the proposed court house, from Gillis 
& Geoghagan, 537 West B’way, 
Miller & Brady, 217 East 35th St., 
W. J. Olvany, 177 Christopher St., 
all of New York City. 


N. Y., Brooklyn—A. A, 
Flatbush Ave., 


Riegelmann, Boro. 


$8459; 


Schwartz, 815 
will build a 1 story, 100 x 
200 ft. theatre on Kings Highway and 
Coney Island Ave. A steam heating sys- 
tem will be installed in same. Total esti- 
mated cost, $350,000. Work will be done 
by day labor. 


N. Y., Brooklyn—The Studebaker Corp., 
Main and Bronson Sts., South Bend, Ind., 
is having plans prepared for the construc- 
tion of a 4 story office building and sales- 
room on Bedford Ave. and Sterling Pl. A 
steam heating system will be installed in 
same. Total estimated cost, $150,000. 
Tooker & Marsh, 101 Park Ave., New 
York City, Archs. and Engrs. 


N. Y., Glens Falls—The Trustees of 
Warren Co., Lake George, are having 
plans prepared for the construction of a 


2 story hospital near here. <A steam heat- 
ing system will be installed in same. To- 
tal estimated cost, $125,000. ‘Tooker & 
Marsh, 101 Park Ave., New York City, 
Archs. and Engrs. 

N. Y., New York—The Bd. Educ... 500 
Park Ave., is having plans prepared for 


the construction of a 5 story school on 
Dawson St. and Rogers Pl (Bronx Boro.). 
A steam heating system will be installed 


in same. Total estimated cost, $500,000. 
Cc. B. J. Snyder, Municipal Bldg., Arch. 
and Engr. 

N. Y., New York—The Mfrs. Cloak & 


Suit Trade, 136 Madison Ave., will build 
a 16 story office building at 36th and 38th 
Sts. and 7th and 8th Aves. <A _ steam 
heating system will be installed in same. 
Total estimated cost, $8,000,000. Work 
will be done by day labor. 


N. Y¥., New York—The Sidem Bldg. Co.. 
c/o B. H. & C. N. Whinston, Archs. and 
Engrs., 2 Columbus Circle, will build a 
5 story, 25 x 100 ft. office and store build- 
ing at 117 West 33rd St. <A steam heat- 
ing system will be installed in same. To- 
tal estimated cost, $135,000. Work will be 
done by day labor. 


N. Y., New York—The State Bank, 376 
Grand St., is having plans prepared for 
altering the present 10 story office build- 
ing at 280 5th Ave. A steam heating sys- 
tem will be installed in same. Total esti- 
mated cost, $500,000. H. R. Mainzer, 105 
West 40th St.,-Arch. and Engr. 

N. J., Athenia—The Mayor 
soon receive bids for the 
a 1 story, 40 x 60 ft. power house. Two 
boilers, engine, compressor and pump will 
be installed in same. Total estimated cost, 


Car Co. will 
construction of 


$35,000. W. Schoonover, 31 Clinton St.. 
Newark, Engr. J .S. Pigott, 665 Broad 
St., Newark, Arch. 

N. J., Deal Beach—Henry Ives Cobh, 
Arch. and Engr., 1465 B’way, New York 
City, is preparing plans for the construc- 
tion of a 6 story hotel here. A steam 


heating system will be installed in same. 
Total estimated cost, $1,000,000. Owner's 
name withheld. 





N. J., Lakehurst—The Bureau of Yards 
& Docks, Navy Dept., Wash., C., plans 
to construct a power plant and distriby:- 
tion system here. Total estimated cos 


$550,000. 
N. J., Newark—Loew’s Enterprises, 11: 
B’way, New York City, plan_to build 


theatre on Broad St. A steam heati: 


system will be installed in same. Tot 
estimated cost, $400,000. 
N. J., Passaic—The Y. M. C. A., 2 We 


45th St., New York City, is having plan 
prepared for the construction of a build- 
ing. A steam heating system will be in- 
stalled in same. Total estimated cost, 
$250,000." J. F. Jackson, 47 West 34th Sr.. 
New York City, Arch. and Engr. 


Penn., Chester—Ballinger & Perrot, Arch 
and Engrs., 17th and Arch Sts., Phila 
delphia, will soon award the contract for 
the construction of a 3 story, 37 x 207 ft 
hospital for the Surgical Wing Hospita! 
A steam heating system will be installed 
in same. 


Penn., Dalton—The Scranton & Bingham- 
ton R. R. Co., 227 Wyoming Ave., is hav 
ing plans prepared for the construction of 
a 35 story, 48 x 70 ft. addition to it 
power house. Three 500 hp. boilers and 
15,000 volt electric units will be installed 
in same. Total estimated cost, $95,000. 


Penn., Harrisburg—The state is having 
plans prepared for the construction of two 
4 story office buildings at the State Cap- 
itol. A steam heating system will be in- 
stalled in same. Total estimated cost, 
$3,000,000. Arnold W. Brunner, 101 Park 
Ave., New York City, Arch. and Engr. 


Penn., Philadelphia—C. FE. Oecelschlager, 
Arch. and Engr., 1615 Walnut St., will 
soon award the contract for the construc- 
tion of a 15 story, 40 x 131 ft. office build- 
ing on 16th and Walnut Sts., for the Med- 
ical Arts Bldg., 16th and Walnut Sts. A 
steam heating system will be installed in 
same. 


Penn., Philadelphia—LeRoy B. Rothchild 
Arch., 1225 Sansom St., will soon award 
the contract for the construction of a 6 
story, 58 x 125 ft. sales and service build- 
ing on 16th and Vine Sts., for August 
Hartman, c/o architect. A steam heating 
system will be installed in same. Tota! 
estimated cost, $100,000. 


Penn., Philadelphia—The Bd. Educ., Key- 
stone Bldg., 19th and Chestnut Sts., will 
soon award the contract for the construc- 
tion of a 3 story, 115 x 165 ft. grade school 
on 70th and Buist Sts. A steam heating 
system will be installed in same. Total es- 
timated cost, $450,000. 


Penn., Scranton—The city plans to con- 
struct a 3 story, 110 x 110 ft. technical high 
school on Wyoming Ave. A steam heating 
system will be installed in same. Total es- 
timated cost, $277,700. 


Penn., Scranton—The city plans to con- 
struct a 3 story, 260 x 300 ft. junior high 
school on Mulberry St. A steam heating 
system will he installed in same. Total 
estimated cost, $546,200. 


Penn., Wilkes-Barre—The Diamond Drug 
Co. is having plans prepared for the con- 
struction of a 3 story, 22 x 180 ft. drug 
fuctory on Northampton St. A steam heat- 
ing system will be installed in same. To- 
tal estimated cost, $170,000. 


Md., Baltimore—The Diocese 
land, c/o B. Goodhue, Archt. and Engr., 2 
West 47th St., New York City, is having 
plans prepared for the construction of a 
cathedral. A steam heating system will be 
installed same. Total estimated cost, 
$5,000,000. 


Ala., Mobile—J. H. and C. B. King, 
Dauphin St., plans to build a 66 x 210 
theatre on Dauphin St. 
tric plant, steam heating and ventilating 
systems will be installed in same. Total 
estimated cost, $250,000. E. H. Slater, 101 
Tuttle Ave., Archt. 


La., Bastrop—The Municipal Electric 
Light & Water Wks. plan to enlarge their 
plant and are in the market for a 150 hp. 
natural gas engine to be direct connected 
to a 100 kw., 220 to 250 volts d.c., gen- 
erator. Cary Robertson, Supt. 


of Mary- 


in 


264 
ft. 
An auxiliary elec- 


Tenn., Knoxville—The Signal Amusement 
Co. plans to construct a 75 x 150 ft. mov- 
ing picture theatre on Clinch Ave. A ty- 
phoon heating and cooling system will be 
installed in same. Total estimated cost, 
$225,000. C. W. and G. L. Rapp, 190 North 
State St., Chicago, Archts. 
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Ky., Dawson Springs—J. A. Wetmore, 
Superv. Arch., Treasury Dept., Wash., 
D. C., received bids for the installation of 
mechanical and power equipment in_the 
proposed 19 hospital buildings at the San- 
atorium Grounds, also for the construc- 
tion of a small power house, from S&S. 
Rittenhouse, Wash., +» _. $381,530; 
Thompson Bros., 125 West 5th St., Phila- 
delphia, $416,045; F. A. Clegg & Co., 110- 
112 South ist St., Louisville, Ky., $427,- 
378. 


O., Canton—The Canton Ice Delivery Co., 
601 4th St., will receive bids for the con- 
struction of a 1 and 2 story, 81 x 113 ft. ice 
storage plant on Navarre Rd. Estimated 
cost, $80,000. A. C. Bishop, 427 Guardian 
Bldg., Cleveland, Archt. 


O., Canton—W. I. Zink, Pub. Serv. Dir., 
received bids for the construction of a 1 
story, 30 x 96 ft. pump house from Keller 
Huff, $24,000, and Melbourne Bros., $38,000; 
both contractors of Canton. 


O., Cleveland—The Estates & Investment 
Co. plans to construct a 4 story apartment 
hotel at 1906 East 105th St. A steam heat- 
ing system will be installed in same. Total 
estimated cost, $250,000. G. A. Tenbusch, 
1836 Euclid Ave. 


O., Cleveland—The Cleveland Columbia 
Bldg. Co. will soon award the contract 
for the construction of a 3 story, 63 x 85 
ft. club house at 3422 Euclid Ave. A 
steam heating and a vacuum cleaning sys- 
tem will be installed in same. Total esti- 
mated cost, $100,000. Address A. J. Mc- 
Garrell, 507 Williamson Bldg. 


O., Cleveland—The Forbes Chocolate Co. 
is having plans prepared for the construc- 
tion of a 2 story, 100 x 200 ft. factory on 
Euclid Ave. and Ivanhoe Rd. Two boilers 
will be installed in same. Total estimated 
cost, $250,000. Address B. F. Forbes, 5100 
Superior Ave. G. S. Rider & Co., Century 
Bldg., Archs. and Engrs. 


O., Cleveland—The Realty Syndicate Co. 
is having plans prepared for the construc- 
tion of a 3 story, 116 x 250 ft. public gar- 
age at East 79th St. near Hough Ave. A 
steam heating system will be installed in 
same. Total estimated cost, $400,000. 
Frank N. Riley, 309 Williamson Bldg., 
—_. S. H. Weis, 1032 Schofield Bldg., 
Arch. 


O., Lorain—The Bd. Educ. is having 
plans prepared for the construction of a 1 
story grade school on 4th St. and Hamilton 
Ave. A steam heating system will be in- 
stalled in same. Total estimated cost, 
$250,000. G. Bruell, 6th and Washington 
Ave., Clk. Franz C. Warner, Hippodrome 
Annex Bldg., Archt. 


O., Youngstown—The Aultman Hospital 
Association is having plans prepared for 
the construction of a 3 story, 50 x 125 ft. 
hospital addition on Clarendon Ave. A 
steam heating system will be installed in 
same. Total estimated cost, $125,000. W. 
I.. Alexander, Secy. W. Sabin, 1900 
Euclid Ave., Cleveland, Archt. 


Mich., Detroit—The Riviera Theatre Co., 
c/o C. Howard Crane and Elmer G. Kieh- 
ler, Archts., Huron Bldg., plans to build a 
2 story, 50 x 185 ft. theatre and office build- 
ing on Grand River and Linsdale Aves. A 
steam and forced air heating system, in- 
cluding fan, motor, etc., will be installed in 
same. Total estimated cost, $200,000. 


Mich., Detroit—Albert Kahn, Arch., 
Marquette Bldg., will soon award the con- 
tract for furnishing 2 multi stage motor- 
driven centrifugal pumps, capacity 300 gal. 
per min., 375 ft. head, 60 hp. motors; 2 
multi stage motor-driven centrifugal 
pumps, 200 gal. per min. against 200 ft. 
head, 20 hp. motors; 1 motor-driven cen- 
trifugal pump, 500 gal. per min. against 
100 ft. head, 100 hp. motor, 240 volt. 


Mich., Detroit—The E. D. Stickley Ma- 
chine Co., Goebel Bldg., is in the market 
for three 6 in., 11 in. and 18 in. Gleason 
hevel gear generators. 


Mich., Grand Rapids—The Bd. Educ. 
plans to construct a 3 story, 225 x 250 ft. 
school, to be known as the North High 
School, on Plainfield Ave. <A _ steam heat- 
ng system, including forced ventilating 
system, boiler and plenum chamber will 
he installed in same. Plans also inelude 
1 power plant. H. H. Turner, 234 Di- 
‘rision Ave., N., Arch. 


Mich., Grosse Pointe—The Grosse Pointe 
Golf Club engaged Stratton & Snyder, 
\rchs., Union Trust Bldg., Detroit. to 
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prepare plans for the construction of a 
2 or 3 story club house near Jefferson Ave. 
Steam heating equipment will be installed 
in same. Total estimated cost, $350,000. 


Mich., Muskegon’ Heights (Muskegon 
P. 0O.)—The Shaw Electric Crane Works, 
McKinney St., plan to construct a 1 and 
2 story foundry and machine shops on 
McKinney and Park Aves. The present 
power plant at the works will be enlarged. 
Total estimated cost, $2,000,000. Manning, 
Maxwell & Moore, McKinney St., Engrs. 


Mich., Muskegon—The Occidental Hotel, 
c/o Edward R. Sweet, 8rd St., plans to 
build an 8 story, 132 x 140 ft. hotel on 3rd 
St. near Western Ave. A steam heating 
and ventilating system will be_ installed 
in same. Total estimated cost, $1,000,000. 


Mich., Muskegon—The Superior Seating 
Co., Getty Ave., will soon award the con- 
tract for the construction of a 3 story, 
100 x 320 ft. factory on Getty and Dales 
Aves. Project will include a power plant. 
Total estimated cost, $250,000. 


Mich., Pontiac—The Great Lakes Hotel 
Syndicate engaged W.. W._ Alschleger, 
Archt., 111 West Washington St., Chicago, 
to prepare plans for the construction of an 
8 story, 100 x 125 ft. hotel. Steam heating 
equipment will be installed in same. Total 
estimated cost, $750,000. 


Mich., Sault Ste. Marie—The city has 
awarded the contract for furnishing and 
installing 4 electrically driven centrifugal 
pumping units in the present pumping sta- 
tion to Allis-Chalmers Mfg. Co., North Al- 
lis St., Milwaukee, Wis., at $11,707. 


lll., Chicago—The Chicago Reedware 
Mfg. Co., 1523 Carroll St., is having plans 
prepared for the construction of a 1 story, 
200 x 350 ft. furniture factory on Grand 
Ave. and Franklin Blvd. A steam heat- 
ing system will be installed in same. To- 
tal estimated cost, $165,000. Davidson & 
Weiss, 53 West Jackson Blivd., Archs. 


lll., Chicago—A. Emerman, c/o B. L. 
Steif, Arch., 30 North La Salle St., is hav- 
ing plans prepared for the construction 
of a 12 story, 115 x 130 ft. hotel at 918 
Wilson Ave. A steam heating system will 
be installed in same. Total estimated 
cost, $1,500,000. 


lll., Chicago—Ludgin & Leviton, Archs., 
53 West Jackson Blvd., will soon award 
the contract for the construction of a 2 
story, 100 x 100 ft. dyeing and cleaning 
plant on Halsted and 76th Sts., for the 
Englewood Dyeing & Cleaning Co., 6343 
South Halsted St.; 100 hp. high pressure 
boilers will be installed in same. Total 
estimated cost, $40,000. 


lll., Chicago—M. J. Morehouse, Arch., 343 
South Dearborn St., will soon award the 
contract for the construction of a 3 story, 
120 x 165 ft. factory on Ravenswood and 
Leland Aves., for the Johnson Fare Box 
Co., 236 South Rokey St. A steam heat- 
ing system will be installed in same. To- 
tal estimated cost, $125,000. 


lll., Chicago—Robert T. Newberry, Arch., 
108 South La Salle St., is preparing plans 
for the construction of a 2 story, 125 x 250 
ft. corset factory on Crawford and Barry 
Aves., for the Lorette Corset Co., 510 
Throop St. A steam heating system will 
be installed in same. Total estimated 
cost, $300,000. 


ill., Chicago—Henry L. Newhouse. Arch., 
4630 Prairie Ave., will receive bids in 
March for the construction of a 1 story, 
90 x 90 ft. theatre on State St. near Ran- 
dolph St., for Ascher Bros., 220 South 
State St. A steam heating system will 
be installed in same. ‘Total estimated 
cost, $1,000,000. W. C. Bennett, 327 South 
La Salle St., Engr. 


ill., Chicago—The O’Gara Coal Co., 332 
South Michigan Ave., is in the market for 
two 8 x 10 in. horizontal center crank 
steam engines. 


ill., Chicago—The H. O. Reno Co., 123 
West Madison St., is having plans pre- 
pared for the construction of a 4 story, 
1295 x 150 ft. publishing plant on Lincoln 
and Wrightwood Aves. <A steam heating 
system will be installed in same. ‘Total 
estimated cost, $225,000. Perey T. John- 
son, 1254 Pratt Blvd., Arch. 


ill., Mattoon—Claude L. James, Supt. of 
Waterworks, is preparing plans for im- 
proving and extending the present water- 
works. Boilers and pumping machinery 
will be installed in same. 
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la., Davenport—Clausen & Kruse, Archs. 
and Enegrs., 316 Central Office Bldg., will 
receive bids for the construction of a 
story, 75 x 135 ft. administration building 
on Brady St., for the Palmer School of 
Chiropractic. A complete ventilation sys- 
tem will be installed in same. Total es- 
timated cost, $120,000. 


Minn., Duluth—The Sister Superior of 
the Sisters of the Benedictine will receive 
bids about Feb. 15 for the construction of 
a 5 story, 40 x 200 ft. addition to St. 
Mary’s Hospital, 3rd_St., for the Catholic 
Diocese of Duluth, 3rd St. and 5th Ave. 
A steam heating and mechanical ventilat- 
ing system will be installed in same. To- 
tal estimated cost, $200,000. F. H. Ellerbe, 
Endicott Bldg., St. Paul, Arch. and Engr 


Minn., McKinley—F. A. Walstrom, Clk. 
of Independent School Dist. No. 18, Gilbert, 
will receive bids until Feb. 3 for the con- 
struction of a 3 story, 75 x 150 ft. grade 
school here. <A steam heating system will 
be installed in same. Total estimated cost, 
$150,000. W. T. Bray, Torrey Bldg., Du- 
luth, Archt. and Engr. 


Minn., Minneapolis—Magney & ‘Tusler, 
Archts., Builders’ Exch., will soon award 
the contract for the construction of a 4 
story, 100 x 140 ft. wagon factory on 5th 
St., N., for the Schurmeier Mfg. Co., 320 
East 9th St., St. Paul. A steam heating 
system will be installed in same. Total es- 
timated cost, $150,000. 


S. D., Watertown—The Bd. Educ. will 
receive bids until Jan. 30 for the construc- 
tion of a 3 story, 151 x 178 ft. high school. 
AL steam heating and ventilating system 
will be installed in same. Total estimated 
cost, $350,000. C. L. Pillsbury & Co., Met- 
ropolitan Life Insurance Bldg., Minneapo- 
lis, Engr. Tyrei & Chapman, 320 Audi- 
torium Bldg., Minneapolis, Archts. 


Ariz., Chandler—The Bd. Educ. wi . 
ceive bids until Feb. 14 for a Po Bhan 
tion of a high school, including adminis- 
tration, domestic science, commercial and 
science buildings. Separate bids will be 
received for installing heating system To- 
tal estimated cost, $150,000. Allison & Alli- 
y oo Oe Hibernian Bldg., Los Angeles. 


Wash., Olympla—The State Capi 
Comn, will soon award the pore gt 
the construction of 3 buildings, including 
an office building and court house. A 
steam heating system will be installed in 
same. Total estimated cost, $500,000 
Wilden & White, 50 Church St., New York 
City, Archs. and Eners. . 


Cal., Del Monte—The Del Monte Bath 
House Co. is having plans prepared for 
the construction of a bath house, cottages 
pier extension, ete., also for converting 
boat house into power house. Total esti- 
mated cost, $500,000. Work will be done 
by day labor under the supervision of C. 
L. Lyon, New York. P. V. Tuttle, 565 
Lighthouse Ave., Pacific Grove, Arch. 

Cal., Oakland—The Natl. Ice & Cold 
Storage Co., Postal Telegraph Bldg., San 
Francisco, is having plans prepared for 
the construction of a_1 story ice and cold 
storage building on North 1st St. TEsti- 
mated cost, $250,000. 


N. S., Halifax—The Comn. of Works & 
Mines of the Provincial Government will 
receive bids until Feb. 15 for the construc- 
tion of a 3 story, 60 x 220 ft. hospital 
building, with two 30 x 100 ft. wings, on 
Tower Rd. Separate contract will be let 
for installing heating system. Total esti- 
mated cost, $220,000. 


_Ont., Merrilton—The Canadian Steel & 
Forging Co. is having plans prepared for 
the construction of a steel plant addition 
including hydro-electric light and heating 
plants, also for installing equipment in 
same. Total estimated cost, $200,000. J. 
J. Wernette, 441 Houseman Bldg., Grand 
Rapids, Mich., Engr. 


Ont., Scarboro—The town plans to con- 
struct 2 pump houses to be equipped with 
electrically driven pumps, distribution sys- 
tem, ete. By-law appropriating $300,000 
for this project has heen passed. R. RE. 
James Co.. Ltd., 36 Toronto St., Toronto, 
Enegrs. 


Ont., Windsor—The Bank of Hamilton 
plans to huild a 10 story bank and office 
building on Quellette Ave. and Chatham 
St. Steam heating equipment will be in- 
stalled in same. Total estimated cost, 
$750,000. 
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CONTRACTS AWARDED 


Me., Lewiston—The Lewiston Buick Co. 
has awarded the con.ract for the con- 
struction of a 3 story, 95 x 130 ft. sales 
building on Sabattus and Main Sts., to 
F. T. Ley & Co., Inc., 185 Devonshire St., 
Boston. A steam heating system will be 
installed in same. Total estimated cost, 
$150,000 


R. 1., Tiverton—The Sinclair Refining 
Co., Brockton, Mass., has awarded the 
contract for the construction of a 1 story, 
32 x 90 ft. pump house, to Canning & 
Leary, Plant Bldg., New London, Conn. 
Estimated cost, $25,000 


Conn., Waterbury—The Waterbury Natl. 
Bank, Grand and Field Sts., has awarded 
the contract for the construction of a 4 
story, 65.9 x 89.3 ft. building, to Irwin & 
Leighton, 126 North 12th St., Philadelphia. 
A steam heating system will be installed 
in same. Total estimated cost, $500,000. 


N. Y., New York—Marcus Loew’s En- 
terprises, 1492 B’way, has awarded the 
contract for the construction of a 16 story, 
50 x 120 x 180 ft. theatre and office build- 
ing on B’way and 45th St., to the Fleisch- 
man Constr. Co., 531 7th Ave. A steam 
heating system will be installed in same. 
Total estimated cost, $1,000,000. 


N. Y¥., New York—The 145 West 55th 
St. Corp., Inc., 1 West 67th St., has award- 
ed the contract for the construction of a 
15 story, 80 x 100 ft. hotel at 139-145 West 
55th St., to Fred T. Ley, 19 West 44th St. 
A steam heating system will be installed 
in same. Total estimated cost, $750,000. 


N. Y., New York—The Sloane Estate, 
316 East 65th St., has awarded the con- 
tract for the construction of a 10 story, 
75 x 100 ft. factory on 39th St. near 8th 
Ave., to Fred T. Ley, 19 West 44th St. A 
steam heating system will be installed in 
same, 





N. Y., Rochester—The city has awarded 
the contract for installing heating and 
power system in the proposed 3 story, 
304 x 321 ft. Junior High School, at Wil- 
son Park, to Barr & Greelman Co., 72 
-Exch. St.; at $162,000. 


N. J.. Camden—The Ottawa Tribe of Red 
Men, c/o W. W. Sharpley, 1713 Sansom St., 
Philadelphia, has awarded the contract for 
the construction of a 3 story, 40 x 145 ft. 
clubhouse to Willis-Ludwich & Co., 1708 
Sansom St., Philadelphia. A steam heat- 
ing system will be installed in same. Total 
estimated cost, $140,000. 


N. J., Elizabeth—The Simmons Co., 
Pearl St., Kenosha, Wis., has awarded the 
contract for the construction of a manu- 
facturing plant, including a power house, 


ete., to Paul Riesen’s Sons, 1018 Humboldt 
Ave., Milwaukee, Wis. Total estimated 
cost, $300,000. 

N. J., Harrison—The Driver-Harris Co. 


has awarded the contract for the construc- 
tion of a 6 story, 80 x 200 ft. factory an 
Middlesex St. to E. N. Waldron, Market 
t., Newark. A steam heating system will 
be installed in same. 


Penn., Essington—The Westinghouse 
Electric Mfg. Co., Union Bank Bldg., Pitts- 
burgh, has awarded the contract for the 
construction of a factory addition to 
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Westinghouse, Church Kerr & Co., Inc., 
37 Wall St., ew York City. A steam 


heating system will be installed in same. 
Total estimated cost, $2,000,000. 


O., Cleveland—Edward Shattuck, Comr. 
of Purchases, has awarded the contract for 
the installation of a 20,000,000 gal. first 
high service centrifugal pump to _ the 
Dravo-Doyle Co., Citizens Bldg., at $74,250. 


O., Cleveland—The Sheriff St. Market & 
Storage Co. has awarded the contract for 
the construction of a 2 story, 200 x 885 ft. 
cold storage warehouse on Bolivar Rd. and 
East 4th St. to John Gill & Sons, Citizens 
Bidg. A steam heating system will be in- 
stalled in same. Total estimated cost, 
$1,000,000. 


Mich., Detroit—The Bd. IEduc., 50 B’way, 
has awarded the contract for the installa- 
tion of a heating system, etc., in the 
proposed 2 story, 85 x 134 ft. school on 
Vancourt and Milford Aves., to J. W. 
Partlan, 51 Park PIl., $53,800; in the pro- 
posed Field School, on Agnes and Field 
Aves., to W. J. Rewoldt, 506 Owen Bidg., 
$18,274; in the proposed Davidson School, 
near Davidson Ave., to O’Connor Bros., 
34 Roland Bidg., $39, 590. Noted Jan. 6. 


lll., Chicago—The Chicago Tribune, 1 
South Dearborn St., has awarded the con- 
tract for the construction of a 15 story, 
100 x 300 ft. loft building at 431 North 
Michigan Ave., to R. C. Wieboldt, 1534 
West Van Buren St. A steam heating 
system will be installed in same. ‘Total 
estimated cost, $2,500,000. Jarvis Hunt, 
30 North Michigan Ave., Arch. 


la., Bondurant—W. F. Dunkle, Secy. Bd. 
of Educ., has awarded the contract for 
installing a heating and plumbing system 
in the proposed 2 story, 63-x 105 7. _om 
to W. G. Madison, Ames, at $21,0 


la., Newton—The Automatic Washing 
Machine Co. has awarded the contract for 
the construction of a 4 story, Ig x 148 ft. 
factory and boiler house, to H. Neu- 
mann & Co., 7 Hubbell Bldg., tis Moines. 
Total estimated cost, $180,00 0. 


Cal., Emeryville (Oakland P. O.)—The 
Amer. Rubber Mfg. Co., Park Ave. and 
Wait St., has awarded the contract for 


the construction of a 2 story factory and 
power house, to R. W. Littlefield, 565 16th 
aa Oakland. Total estimated cost, $100,- 


Cal., Los Angeles—The Pacific Mutual 
Life Insurance Co., 6th and Olive Sts., has 
awarded the contract for the construction 
of a 2 story, 170 x 218 ft. office and store 
building on 6th St. and Grand Ave. to the 
Pacific Marine & Constr. Co., 510 Wright & 
Callender Bldg. A steam heating system 
will be installed in same. Total estimated 
cost, $2,500,000 


Cal., San Francisco—St. Francis Hos- 
pital Association has awarded the contract 
for installing a heating system in the 
proposed 6 story hospital on Bush St., to 
A. W. Lawson, 180 Jessie St., at $8750. 


Ont., Toronto—The Murray Printing Co., 
9 Jordan St., has awarded the content for 
the construction of a 4 story, 140 x 180 ft. 
printing shop, to L. E. Dowling, 167 Yonge 
St. Heating contract will be sub-let. To- 
tal estimated cost, $135,000. 
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Ont., Windsor—The Bd. Educ. has 
awarded the contract for the construc 
tion of a 3 story school, to Sam Dinsmore 
7 Royal Bank Bidg. A vacuum steam 
heating system with blower for ventila- 


tion will be installed in same. Total es- 
timated cost, $400,000. 
NEW INSTALLATIONS IN POWER 


N. Saranac 9 ty Smith's Elec- 
tric Light & Power & R. Co. plans to 
eonstruct a 14 mi. BRE line to 
the plant of the Chateagua Ore & Iro: 
Co., Seynon Mountain, and install a 3 
phase, 60 cycle 2500 to 4500 volts 1500 kva 
generator. P. A. Gould, Mer. 


N. Y., Sanborn—The Sanborn Peki: 
ee Co. plans to extend its transmis- 
sion within the next three years; 


zone will be expended for this project. 
E. Casselman, Secy. 
Fla., Milton—The town plans to insta!! 


75 meters and a 100 kw. generator. I. 1. 
Shepard, Supt. 


O., Ada—The Ada Water & Light Co 
plans to install new engines, generators 
and water pumps. P. O. Moore, Mgr. 


Mich., Gladwin—The Gladwin Electric 
ae & Power Co. plans to build a 33,000 
transmission line from here to Beaver- 
am S. B. Wiggins, 115 Howard St., Sag- 
inaw, Secy. 


Minn., Chisholm—The Minnesota Util- 
ities Co., Eveleth, plans to install a = 
kw. extension to its power plant. E. 
Kefgen, Treas. 


Neb., Nebraska City—The Nebraska City 
Utilities Co. plans to construct a_trans- 
mission line to Julian, Danbar and Syra- 
cuse. W. O. Dunn, Mer. . 


S. D., lroquois—The Iroquois Light Plant 
plans to install a 50 hp. Fairbanks Morse 
Type Y engine, belted to 42% kva., 2300- 
> 60 cycle generator. . H. Jordan, 

res, 


Wyo., Gillette—The Municipal Electric 
Light Plant plans to install aon engine’ 
— a 100 kva. generator. M. L. Thomas, 

gr. 


Okla., Anadarko—The Anadarko Munic- 
ipal Light & Water Plant plans to in- 
crease power plant and — 2 Diesel oil 
engines, 200 hp. each. N. A. Kunkel, Supt. 


Colo., Eaton—The Farmers’ Electric 
Light & Power Co. plans to build 12 mi. 
of transmission line into irrigation terri- 
tory. R. S. Farr, Mgr. 


N. M., Carisbad—The Carlsbad Light & 
Power Co., Chicago, Ill, and Carlsbad, 
N. M., plans to construct power house and 
install new 112 kva. generator and 2100 hp. 
oil co i sal ey plant. F. E. Hu- 


Sask., Humboldt—The Municipal Elec- 
tric Light & Power Plant plans to con- 
struct a new 250 kva. unit and install 300 
hp. boilers. C. A. Cutting, Supt. 


B. C., Cumberiland—The Cumberland 
Electric Lighting Co., Ltd., plans a com- 
plete renewal of about 6 mi. of transmis- 
sion lines. John Short, Secy. and Mgr. 








EMPLOYMENT 
“OPPORTUNITIES” 


JOBS AND MEN — For 
Plant and Office: Technical, 
Executive, Operative and 
Selling — See ‘‘Searchlight.’ 
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EQUIPMENT 
“OPPORTUNITIES” 





To Buy, Sell, Rent and Ex- 
change—Used and Surplus. 
New Equipment and Ma- 
terial — See ‘‘Searchlight.” 


The SEARCHLIGHT SECTION of this issue is on pages 91 to 99 


BUSINESS 
“OPPORTUNITIES” 


OFFERED and WANTED 
—Contracts, Plants, Cap- 
ital, Properties, Franchises, 
Auctions—See** Searchlight.” 
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POWER-PLANT SUPPLIES 





HOSE— 

Fire 50-Ft. Lengths 
Underwriters’ 23-in. 0.2... 0... eee e eee e cree eee eee c ee eeeeeenceeeces 75c. per ft. 
IPE, 3s wn cae muveheake«ssdeatecnens cbesenaueneses saanased — 40% 


Air 
First Grade 
$0.50 
Steam—Discounts from List 


Second eed Third Grade 
$0 $0.22 


:-in. per ft 





First grade... 30% Second grade.. .40% Third grade... .45% 
RUBBER BELTING—The following discounts from list apply to transmission 
rubber and duck belting: : 
NN ob xce 5 vccsesscererers-v aise 65% PE NIN os orcs cxrevicernice. a aren eere 35% 
| aa 50%, 


Note—Above discounts ‘apply on new list issued July 1. 


LEATHER BELTING—Present discounts from list in the following cities are as 











follows: 

Medium Grade Heavy Grade 
SU I ores aceon ko sawn cweues assets caaers 45% 35% 
Wie ns >. 33 ca iuresodwcomnsieerneeeseiensapaws 40% 30% 
IE «>. 5 reer euirewaanveeewin i needineGuhewien 20%, 10% 
ic gaia cache ae pada Raate eratae Sealnte aA alae eemiaenerenn ee 15% 15% 
Denver. 30%, 20% 
RAWHIDE LACING—20% for cut; 45¢. per sq. ft. for ordinary. 
PACKING—Prices per pound: 
Rubber and duck for low-pressure steam. .........6.... 000 c cece eee eee eens $1.00 
Antero 160 Ri BPORNTG GUORED. «5.5505 ccciccetessccsvccesiviesiccceereeeecten 1.70 
Duck and rubber he INI 6 dri i csnwaeneadcnndewantescadecinnsaats 1.00 
its oink uaaaw leah snmeUddauWhnowinneteqaanaeehes de 1.20 
Flax, wate i loc ccc cneae a AG Satan me SN Gita enniaw ess mie WEST 1.70 
Ce. ww tie cininic-cicis.ncwene'we tsb hiu'v seein Sisisiniewnsinees 90 
Fe re NING so. isinin.s cin.einin'ea069'00 00's: y'sis'vesvienivateeissiteieniere 1.50 
ool hal Sc Rinna Nlncormceislgnacelsie Se tisinibiaig sincersioids aisieietaie warsielnrewin .50 
III a5 ces dsnceiceecnvwoceveswsicasseaneeweceswnanin 70 
I i ooo wincccineicnaeueneqeeses seen eseeneeneenewies 50 
re en eee ee errr 30 





Asbestos packing, twisted or braided and graphited, for valve stems and 
stuffing boxes............ 
Asbestos wick, }- and 1-Ib. ee 85 


PIPE AND BOILER COVERING—Below | are discounts and part of are 























lists: 
PIPE COVERING BLOCKS AND SHEETS 
Standard List ' Price 
Pipe Size Per Lin.Ft. Thickness per Sq.Ft 
1-in $0.27 }-in. $0.27 
2-in 36 1 -in. 30 
6-in. 80 1}-in. 45 
4-in. 60 2 -in. 60 
3-in. 45 2}-in. 75 
8-in 1.10 3 -in. 90 
10-in. 1.30 3}-in, 1.05 
Oe IN NE III io 6c vencccecnn teks s<ienscessseescewse ees is 
een eid ER A ee 50% off 
For low-pressure heating and return lines {3-ply................2.20005- 52%, off 
EES 8 ae 54% off 
GREASES—Prices are as follows in the following cities in cents per pound for barrel 
lots: 
Cin- Pitts- St. Bir- 
cinnati burgh Chicago Louis mingham Denver 
ie pte arth ansaeciareve- areas 7 9 6.6 6.7 8} 1 
Fiber or sponge.. 8 10 8.6 13 8 18 
Transmission. .... a 9 8.1 13 8 17 
| ee oa 6 4.8 4.75 44 5} 
_ | OT eri eeaee 4} 9 6.1 7.5 8 8 
re 22 (gal.) 21 (gal.) 4.7 4.7 8} 8 
COTTON WASTE—The following prices are in cents per pound: 
ew York 
Current One Year Ago Cleveland Chicago 
aaa 13.00 11.00 to 13.00 4.00 11.00 to 14.00 
Colored mixed.......... 9.00 to 12.00 8.50 to 12.00 11.00 9.50 to 12.00 
WIPING CLOTHS—Jobbers’ price per 1000 is as follows: 
134 x 13} * a 
Cleveland. .. Ss Sn at ee Ges Ras aan ak wa scacaea $52. 00 
ia cab asic an tae Mae wines «Sassari 41.00 a 50 





LINSEED OIL—These prices are per gallon: 
New York—— Cleveland ———Chicago——— 








Current One Current Current One 
Year Ago Year Ago 
Raw in barrels (5 bbl. lots). $1.80 $1.49 $2.50 $1.98 $1.66 
See 2.00 1.74 2.75 2.23 1.86 
WHITE AND RED LEAD—Base price per pound: 
Red W iuite—.. 
Current 1 Year Ago Current 1 Yr. Ago 
dry on | 
and 
Dry InOil Dry _ In Oil . ay my "Oil 
U0-lb. keg... eccese. 14.50 16.00 13.00 14.50 13.00 
= and agg Kegs...cccccccee 14.75 16.25 13.25 14.75 i 38 13. 3 
a ects hin acti " . 15.00 16.50 13.50 15.00 15.00 13.50 
; he -* = MY Sunac apa 16.50 15.00 
5lb. po SRE OT ee 17.50 16.00 





500 Ib. lots less 10% discount; 2000 ib. 


RIVETS—The following quotations are allowed for fair-sized orders from ware- 


house: 

New York Cleveland Chicago 
Steel yy and smaller 40% 5% To 45% 
cE eee or inane 40% 45% 


. . 55% 
Boiler rivets, 3, }, 1 in. diameter by 2 in. to 5 in. sell as follows per 100 lb.: 





New York.. $5.00 "Cleveland $4.00 Chicago... ..$4.97 Pittsburgh $4.72 
Structural rivets, same sizes: 

New York.. $5 10 Cleveland. . $4.10 Chicago..... $5.07 Pittsburgh $4.82 

REFRACT ORIES— Following prices are {. 0. b. works, Pittsburgh: 

CORPO UIGOR. 5 iis sec caens net ton $75-80 at Chester, Penn. 

Chrome cement..................... net ton 45-50 at Chester, Penn. 

Clay brick, Ist quality fireclay.......net M. 38-45 at Clearfield, Penn 

Clay brick, 2nd quality... ......... net M 33-35 at Clearfield, Penn. 

Magnesite, dead burned ........ net ton 50-55 at Chester, Penn. 

Magnesite brick, 9 x 43x 23 in. = ton 80-85 at Chester, Penn. 

Silica brick.. net M. 45-50 at Mt. Union, Penn. 


Standard size fire bric “k, 9x ‘4h x ry in. 
per 1000. 

St. Louis— Fire Clay. $35 to $50. 

Birmingham—Silica, $50; fire clay 

Chicago—Second quality. 

Denver—Fire clay, 


The second quality is $4 to $5 cheaper 


, $45; magnesite, $80; chrome, $80 
$25 per ton 
$11 per ton 





BABBITT METAL— Warehouse prices in cents per pound: 


—New York—— ——Cleveland—— ———Chicago——— 
Current — One Current One Current One 
Year Ago Year Ago Year Ago 
Beat grades... 6.ccss 90.00 87.00 74.50 80.00 70.00 75.00 
Commercial .-....... 50.00 42.00 20.50 21.50 15.00 15.00 





SWEDISH (NORWAY) IRON—The average price per 100 !b., in ton lots, is: 
Current One Year Ago 


8 = Scr nisinsdareressieen Gin Kure mic barcahaxtoebeimeeaaie na $21-26 = 
NUNIT coos.sscsass; ribteratiranita orn alerie fase. scare le eee eae 20.00 20.00 
| Ne PSS ES ee nS Pen ares eA 16.50 19.00 


In coils an advance of 50c. usually i is charged. 
Domestic iron (Swedish analysis) is selling at 15c. per Ib. 





SHEETS— Quotations are in cents per pound in various cities from warehouse; also 
the base quotations from mill: 





Mill New York——— 

Carloads ne 

Pittsburgh Current Year Ago Aeodient Chicago 
ee $4.35-4.85 $6. 50-8 .00 $6.52 $5.7 $6.00 
ee 4.25-4.75 6.40-7 .90 6.42 5.90 
Nos. 22-24 black........ 4.20-4.71 6.35-7 .35 6.37 5.62 5.85 
Nos. 18-20 black........ 4.15-4.65 6 .30-7 .30 6.32 5.57 5.80 
No. 16 blue annealed.... —3.75-3.20 6.02 5.72 §.17 5.02 
No. 14 blue annealed.... — 3..65-3.10 5.92 5.62 5.07 4.92 
No. 10 blue annealed. 3.55-4.00 7. 50-6 .00 5.52 4.97 4.82 
No. 28 galvanized. . 5.70-6.20 7.50-9 .00 v.97 7.38 7.28 
No. 26 galvanized. 5.40-5.90 7.20 7.47 6.82 6.95 
No. 24 galvanized. 5 .25-5.75 7.05 7.32 6.57 6.52 





PIPE— 


The following discounts are for carload lots, f. o. b. Pittsburgh; basing card 
of Jan. 1, 


1919, for steel pipe and for iron pipe: 


BUTT WELD 
. Steel Iron 
Inches Black Gan anized Inches Black Galvanized 
h,dand }........... 503% Be Secatiguasak 803% 284% 
AER GRRE ier 544% rH 
iach tw scant 573° 44% 
LAP — 
ee ere 504% . Si Se eres 324% ites 
pO Sere 5389 41% tte Radedscdc@oin 344% 218% 
BUTT WELD, EXTRA STRONG PLAIN ENDS 
= | Sear 484% 29% PER. okwesannnes 394% 244% 
lacie eeaumpikinennte ares 514% 39% 
ee 504% 43% 
LAP WELD, EXTRA STRONG PLAIN ENDS 
Bibs sdsaeeeheanenes 484% 37% Dc cateebind eee wee 334% 204% 
A ee 514% 49% WES .46<ceaaneers 354% 234% 
Se cceccsisasns 501% 39% ensaccas 344% «224% 


Stock discounts in cities named are as follows: 


—New York—. ——Cleveland——. ——Chicago— 
Gal- al- al- 
Black vanized Black vanized Black  vanized 
3 to3 in. steel butt welded. 47% 31% 434% 34407 574% > 
24 to 3in. steel lap welded. 42 27% 454% 304% 53 


% 4% 
Malleable fittings. Class B - C, from New York stock sell at list + 2%. 





19.00 Pee 
lots leas 10-23%. 





Cast iron, standard sizes, 10-5% o 
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BOILER Ch ere phy following are the prices for carload lots, i. o. b. Pittsburgh: 
Charcoal Iron 


Lap Welded S 





Standard Commercial Seamless—Cold Drawn or Hot Rolled 


Per Net Ton Per Net 7 
nike gunbeandaaieeesnabakheaase $327 .... svwinadivabevrcetumenenne $20 
Tl vvitineeeantsnademetabswanwbse 267 NU, s adinuawnesdiahseRaions 77 
ican aicicig caianedmaiaig een 257 EET TNs. c:ckdecnccisecenebebes 167 
Miisevnstiicucecesnsceinessnis 207 Res oe 9 Patches ction wa cd 


4} to! 
These prices do not apply to aos Pe for locomotive tubes nor to 
special specifications for tubes for the Navy Department. which will be subject to 
special negotiations. 








ELECTRICAL SUPPLIES 


ARMORED CABLE— 





Two Cond. Three Cond. 
Lea 


B. & S. Size Two Cond. Three Cond. Lead d 
M Ft M Ft. M Ft. M Ft. 
No. 14 solid...... waraaenne $104.00 $138.00 $164.00 $210.00 
OE ea 135 00 170.00 225.00 265 .00 
EES Eee 185.00 235.00 275 00 325.00 
No. 8 stranded. .......... 285 00 375.00 520.00 500.00 
No. 6 stranded........... 400 00 500.00 560.00 
From the above lists discounts are: 

nL. 7c. case edie ennnnt wis wmeededeteed Net List 

io ard sons uaelacteacalainicecialen ae naka %, 

IIE sn 0004 svrvanden cosseseeueevsceesoesss 15% 





BATTERIES, DR‘—Regular No. 6 size red seal, Columbia, or Ever Ready: 


Each, Net 
Less than 12....... Headebethetninseeeeedwnsecueumeeeetnesbaredsadceeedi $0.45 
tii sca diobilbnadnatiks:<etebGhbecdsakeusieeesdtieveruebidslioeawias 38 
RE RA AN Se EE ENE SN SAI RR RE NAR Se NNT Re CSI 35 
a ta a aa aw ia ca .32 





CONDUITS, ELBOWS AND COUPLINGS—Following are warehouse net prices 
ver 1000 ft. for conduit and per 100 for for couplings a elbows: 




















Conduit El Couplings 
Black alvanized “Black Galvanized Black Galvanized 
Size. 1,000 Ft 1,000 Ft. 100 and 100 and 100 and 1.100 and 
In. and Over and over Over Over Over Over 
Qaer $71.15 $76.25 $17.04 $18.18 $5.38 $5.74 
pesue 71.15 76.25 17 18.18 6.25 6.70 
ee 93.96 100.86 22.23 23 .93 8.97 9.57 
| 138 39 149.09 33.19 35.41 11.66 12.44 
| PP 187.91 201.71 42.62 45.31 16.10 17.12 
, ee 224 .68 241.18 56.82 60.62 19.89 21.15 
| ie 302.29 324.49 104.17 110.77 26.52 28.20 
. Yee 477.95 513.05 170.46 181,26 37.88 40.28 
ne 625 .00 670.91 454.56 483 36 56.82 60.42 
4. 779.24 834 44 1,003 .82 1,067 .42 75.76 80.56 
4 945.03 1.010 43 1,160 .08 1,233 .57 94.70 100.70 
5% ensh 10 days. 
From New York Warehouse—Less 5% cash. 
Standard lengths rigid, 10 ft. Standard lengths flexible, 1 in., 100 ft. Standard 
engths flexible, ? to 2 in., 50 ft. 
CONDUIT NON-METALLIC, LOOM— 
Size I, D., In. Feet per Coil List, Ft. 
250 $0.054 
250 06 
J 250 09 
; 200 12 
: 200 15 Coils...... 45%, off 
’ 150 18 Leas coils, 35% off 
1 100 2! 
if 100 .33 
1 Odd lengths 40 | 
2 Odd lengths ABO! 





CUT-OUTS—Following are net prices each in standard-package quantities: 
CUT-OUTS, PLUG 


I Sioa <ccvcnnetneneeeeenventes ’ Lo S&S 45 aoe $0.24 
4 5 ene All if) 5» 5 eee .38 
. . 4 2 eee . i - < | See .33 
MIE UE... -tadddeadsdeunsduudeniacs [ ie. 3 | Sees 4 
ay Git Wen Gc cbtesesesedessunncees 37 

CUT-OUTS, N. E. C. Rb ye 

0-30 Amp 31-60 Amp 60-100 Amp. 

BEE, Matwcenerewcwesss< $0.33 $0.84 $1.68 
, | 2 2 SRE Rie 48 1.20 2.40 
D. P. Le Saiedeewensaebnesens 42 1.05 
7 & ee eeccces 81 1.80 cece 
5 AS eee “- 2.10 cece 
_ 3 4 9. SMa 1.35 3.60 cece 
ys ay 8 Ss |) ee 90 2.52 net 





FLEXIBLE CORD—Price per 1,000 ft. in coils of 250 ft.: 
i ith k aed bebbeeeerabevedtan sacacevesasendeeu ssa - -$22.00 
No. 16 cotton twisted 





TRAPP CCS SNS Genie y meen ey sitet «. 37.00 
ha sk acai acc wal Wigd Rolwbak Rae hee ee oon pee eee een 26.50 
I a ee 34.50 
Ns os. sca anaes dtneeewsrsusunacebeasinatals 34. 
ES ETI TELL RE EEE 42.00 
a ea caabwueenee rincaeeuwenewen Sen 30.00 
i on ran sealaata ule wid wraie eRe ied ce aeenen 36.75 
sas od don ee venting ease eeu he omeeenaweNln .50 
Oe nye 32.00 
FUSES ENCLOSED— 
250- Volt Std. Pkg. List 
I 0G I ad a cu od lguebtinananeceeian weesseneeeee Tne $0.25 
36amp.to O0-amp.......... NeeeNGeteesesensieesesebeeoreneen Gl 35 
SE IIL. « cesencegbendeendeecccnencesuneses Pe 90 
i in. ncrcesenmeuusdentieeteneusnsec sveuuneeanes «an 2.00 
SE CO SEPOEED. oc cccccccuccececsnceessoeesessecces eneseces ae 3.60 
425-amp. to 600-amp...... ERENT RCeOCCENESENONCece. cvcneees ‘ 10 5.50 








600-Volt Std. Pkg. List 
damp. to 30-amp..........006 Saeed iaaueacaae aan 100 $0.40 
35-amp. to 60-amp............. dean guinieniaiaetetl Sladek 100 -60 
65-amp. to 100-amp. .........cccccscces cgadtnaaacaneree 50 1.50 
BD ate, 00 TIP GED. .... 0 cccccccccccces iawlivestna peeneneene 25 2.50 
BON OO OID. oon civcccccccciveccceaccoes iibeedeete | ae 5.50 
I SIN oso coves ec sescecosccsees chtakaewelanewee ae 8.00 
Discount: Less 1-5th standard package. ........ccscecceceeeess 80% 
1-5th to standard package..........cccsccceece wre 40% 
EEE TE ON 52% 





FUSE PLUGS, MICA CAP— 
0-30 ampere, standard package $4.75C 


0-30 ampere, less than standard package 





LAMPS—Below are present quotations in less than standard package quantities: 


Straight-Side Bulbs Pear-Shape Bulbs 
Mazda B— No. in Mazda C— No. in 
Watts Plain Frosted Package Watts Clear Frosted Package 
10 $0.35 $0.38 100 75 $0.70 $0.75 50 
15 35 38 100 100 4 10 1.15 24 
25 35 .38 100 150 1.65 1.70 24 
40 35 .38 100 200 2.20 2.27 24 
50 35 .38 100 300 3.25 3.35 24 
40 45 100 400 4.30 4.45 12 
100 85 92 24 500 4.70 4.85 12 
750 6.50 6.75 8 
¥ 75 8 


1000 50 : i 
Standard quantities are subject to discount of 10% from list. Annual contracts 
ranging from $150 to $300,000 net allow a discount of 17 to 40% from list. 





PLUGS, ATTACHMENT— 




















Each 
Hubbell porcelain No. 5406, standard package 250. .........c.ccececeseese $0.24 
Hubbell composition No. 5467, etemcard GRCERRS 5D... .....ccccccccccccccces 3 
Benjamin swivel No. 903, standard package 250... .............cceceees 20 
Hubbell current taps No. 5638, standard package 50........................ 40 
RUBBER-COVERED COPPER WIRE—Per 1000 ft. in New York. 
Solid Solid Stranded, 

No. Sines _ Double Braid Double Braid Duplex 
Ns siainlenind dalewanas $12 $16.00 $13.90 28 .50 
eee 13-38 15.70 18.05 30.07 
| a a ee 18.30 21.00 23.85 41.50 

Ricdtnegscweteuvonnees 25.54 28.60 32.70 56.77 
eRe RERERESNE kee = ‘imi  - J 
cee URARERRUIESeewee  . ‘<ikalbwa (| ie 
Datdimdvennnes scien ~~ ‘Saane 101.80 one 
DainadebawnnaKneaimne: (diel ee 131.86 comes 
Lianewinstwede week eeu 160.00 ee 
Di Guswisdesocwsenaad (ieee § “sates 193 .50 eae 
MKtsteareseeerebeies. “seas jj. <aske 235.20 eetsis 
ves Gecdcusevidadetiena cere  <. awew 288.60 aia 
Prices per 1000 ft. for Rubber-covered Wire in Following Cities: 
- —Denver Birmingham: ~ 
Single Double Single _— 
Braid Deples Braid raid Duplex 
14.00 $31.00 $12.50 rit 39 $29.00 
28.25 56 75 25.10 34.7. 55.50 
38.30 77.95 34 75 58.5! 70.50 
| ee 57.50 | ar 
) ees 81.65 ee 
i ee rerauee eee 140.20 saowe 
see oe 190.90 cccee 
Ds gensaw | waseee 231.33 miceais 
| oe wee 281 .23 cocce 
ag 4 awioses a -Ataions 343.22 eccce 
peawee Lewkdns 416.80 “<< 
Pittsburg—23c. base; discount 50% “Be. Louis—30c. base. 
SOCKETS, BRASS SHELL— 
+ In. or Pendant Cap. + In. Cap. 
Key, Keyless, Pull, Key, Keyless, Pull, 
Each og Each Each ach Each 
$0.33 $0.3 $0.60 $0.39 $0.36 $0.66 
Less 1-5th - a | a eeeeumensar t2% 
1-5th to standard package............. Gureratemenawins eee Hl 


Standard package 


“Aiea 2th RES DICER MA AIRE —15% 


WIRE, ANNUNCIATOR AND DAMPPROOF OFFICE— 
No. 18B. & 8. regular spools Gorree. eat as hres SB eee 45c. Ib. 
Be ee I a onic onic cee ccicsnccnccdceaeecsevecbeas 46c. Ib. 








WIRING SUPPLIES— 


Friction tape, # i a less 100 Ib. 50c. Ib., 100 Ib. lota...........ccc cece ce ceues 550. Ib. 


Rubber tape, } in., "jess 100 Ib. ie Ib., ogg PE Sinetaanwecaeiasnsednnds . Ib. 
Wire solder, jess 100 Ib. 50c. Ib., 100 Ib. lots.................... pectnianaccl 46c. Ib. 
Soldering paste, 2 oz. cans ee eateatn pacrsitnia sriananacaiaaca See $1.20 dos. 





SWITCHES, KNIFE— 
E “C” NOT FUSIBLE 


Sise, Single Pole, Double Pole. Three Pole, Four Pole 
Amp. h Each Each h 
30 $0.42 $0.68 $1.62 $1.36 
00 174 1.22 1.84 2.44 
168 1.50 2.50 3.76 5.00 
200 2.70 4.50 6.76 9.00 
TYPE “O” FUSIBLE, TOP OR eet 
30 70 3. 2.12 
60 1.18 1.80 :: 10 3.60 
100 2.38 3.66 5.50 7.80 
200 4.40 6.76 10.14 13.50 
Discounts: 





